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I. REAL PARTY IN INTEREST 

The real party in interest of the subject matter of 
this appeal is Fischer Advanced Composite Components AG, which 
has its headquarters located at Fischerstrasse 9, Ried im 
Innkreis, Austria, A-4910, by virtue of the assignment recorded 
at Reel/Frame 012536/0302 in this application on January 24, 
2002. 
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II. RELATED APPEALS AND INTERFERENCES 

Appellant and Appellant's representative are not aware 
of any other appeals or interferences which will directly affect 
or be directly affected by or have a bearing on the decision of 
the Board of Patent Appeals and Interferences ("Board") in this 
appeal . 
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III. STATUS OF CLAIMS 

The appealed claims are claims 15, 19-28, 30 and 32-36 
which are currently pending in this application. Claims 15, 19, 
21-23, 26, 27, 30 and 32-36 stand rejected as allegedly being 
unpatentable under 35 U.S.C. §103 (a) over U.S. Patent No. 
6, 234, 423 to Hirahara et al. ( "Hirahara" ) in view of U.S. Patent 
No. 5,224,670 to Padden. Claim 20 stands rejected under 35 
U.S.C. §103 (a) as allegedly being unpatentable under Hirahara as 
modified by Padden in view of U.S. Patent No. 3,102,559 to 
Koppelman et al. ("Koppelman") . Copies of Hirahara and Padden 
are enclosed in the Evidence Appendix. A copy of the claims on 
appeal appears in the attached Claims Appendix. 

Rejected Claims: 15, 19-23, 26, 27, 30 and 32-36 

Allowed Claims: None. 

Withdrawn Claims: 24, 25 and 28. 

Objected to Claims: None. 

Canceled Claims: 1-14, 16-18, 29 and 31. 
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IV. STATUS OF AMENDMENTS 

Appellant filed a Request for Reconsideration (without 
claim amendment) under 37 C.F.R. § 1.116 ("the Request") on 
October 7, 2009. In the Request, Appellant responded to the 
Examiner's rejections by discussing why the combination of 
references cited by the Examiner did not render Applicant's 
claims prima facie obvious. 

Appellant received an Advisory Action mailed October 
16, 2009, indicating that the Request was considered but did not 
place the application into condition for allowance. 

Appellant filed a Notice of Appeal on November 9, 2009. 
No amendments were or have been presented to the claims after the 
final rejection mailed May 7, 2009. 
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V. SUMMARY OF CLAIMED SUBJECT MATTER 

Claims 15, 27 and 30 are the independent claims on 
appeal and are set forth in the Claims Appendix. 

Appellant's invention as set forth in claim 15 is 
directed to a connecting device used in an aircraft to connect a 
movable part (2, 3, 4) of the aircraft with a structural 
component (1) of the aircraft (page 1, lines 3-5) . This overall 
structure is illustrated in Figure 1 of the Appellant's 
application which is reproduced below. 




The connecting device includes at least one fitting (5) 
having a movable part mounting structure (30, 40, 50) and a 
structural component connecting part (32, 42, 52) so as to be 
configured to connect the movable part with the structural 
component (page 7, second and third paragraphs, and page 7, last 
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paragraph, as amended by Amendment filed January 29, 2009; 
hereinafter "the January 2009 Amendment ") . Such a fitting is 
illustrated in Figures 6 and 7 of Appellant's application which 
are reproduced below. 




The structural component connecting part of the fitting 
(5) includes at least one arm (34, 44, 54) extending outwardly in 
a direction away from the movable part mounting structure, with 
the arm having an aperture (36, 46, 56) therethrough (page 7, 
second, third and last paragraphs, as amended in the January 2009 
Amendment) . The inner diameter of the aperture defines a bearing 
surface (7) configured to receive at least one bearing (page 7, 
second, third and last paragraphs, as amended in the January 2009 
Amendment) . Glue is used to secure the movable part mounting 
structure of the fitting to the movable part (page 7, last 
paragraph, as amended in the January 2009 Amendment) . 

The fitting (5) is made of a synthetic composite 
material according to a resin transfer molding (RTM) method and 
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includes a carbon fabric as a reinforcement element (page 3, 
lines 27-29; page 4, lines 23-25 and lines 35-37; page 6, line 36 
to page 7, line 13) . The composite material is the same material 
as that from which the movable part is made (page 4, lines 7-9) . 
The movable part is selected from the group consisting of a 
spoiler (2), a landing flap (3) and a control surface (4) (page 
6, lines 12-15) . 

Appellant's invention as set forth in claim 27 is 
directed to a device for connecting a movable part (2, 3, 4) of 
an aircraft with a structural component (1) of the aircraft (page 
1, lines 3-5) . The device includes a fitting (5) having a 
movable part mounting structure (30, 40, 50) and a structural 
component connecting part (32, 42, 52) to connect the movable 
part to the structural component (page 7, second, third and last 
paragraphs, as amended by the January 2009 Amendment) . 

The structural component connecting part (32, 42, 52) 
of the fitting (5) includes at least one arm (34, 44, 54) 
extending outwardly in a direction away from the movable part 
mounting structure, with the arm having an aperture (36, 46, 56) 
therethrough (page 7, second, third and last paragraphs, as 
amended by the January 2009 Amendment) . The inner diameter of 
the aperture defines a bearing surface (7) for receiving at least 
one bearing (page 7, second, third and last paragraphs, as 
amended by the January 2009 Amendment) . Glue secures the movable 
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part mounting structure of the fitting to the movable part (page 
7, last paragraph, as amended by the January 2009 Amendment) . 
The movable part is selected from the group consisting of a 
spoiler (2), a landing gear (3) and a control surface (4) (page 
6, lines 12-15) . The fitting is made of the same composite 
material as the movable part (page 4, lines 7-9) . 

Appellant's invention as set forth in claim 30 is 
directed to the combination of a fitting (5) for connecting a 
movable part (2, 3, 4) of an aircraft with a structural component 
(1) of the aircraft, and the movable part itself (page 1 lines 3- 
5; page 6, lines 12-15) . 

The fitting (5) has a movable part mounting structure 
(30, 40, 50) and a structural component connecting part (32, 42, 
52), with the structural component connecting part of the fitting 
including at least one arm (34, 44, 54) extending outwardly in a 
direction away from the movable part mounting structure and 
having an aperture (36, 46, 56) therethrough that defines a 
bearing surface (7) for receiving at least one bearing (page 7, 
second, third and last paragraphs as amended by the January 2009 
Amendment) . The fitting is made of a synthetic composite 
material according to the RTM method and includes a carbon fabric 
as a reinforcement element (page 3, lines 27-29; page 4, lines 
23-25 and lines 35-37; and page 6, line 36 to page 7, line 13) . 

The movable part (2, 3, 4) is also made of the 
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composite material such that the fitting and the movable part 
have substantially the same thermal expansion coefficient (page 
3, line 27 to page 4, line 2; page 4, lines 7-12) . The movable 
part has an upper covering layer (16) and a lower covering layer 
(17) of fiber reinforced fabric, with the movable part mounting 
structure of the fitting being arranged therebetween and 
configured to connect the movable part to the structural 
component (page 8, lines 5-19) . The movable part is selected 
from the group consisting of a spoiler (2), a landing flap (3) 
and a control surface (4) (page 6, lines 12-15) . 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 



Rejections under 35 U.S.C. §103 (a) 

Grounds of rejection to be reviewed on appeal include 
1) whether independent claims 15, 27 and 30 are unpatentable 
under 35 U.S.C. §103(a) over U.S. Patent No. 6,234,423 to 
Hirahara et al. ("Hirahara") in view of U.S. Patent No. 5,224,670 
to Padden; and 2) whether the process by which the product set 
forth in independent claims 15 and 30 is produced bears on 
patentability. 

The patentability of the dependent claims is not being 
separately argued herein with the understanding that, should the 
Board find independent claims 15, 27 and 30 to be patentable over 
Hirahara and Padden, the patentability of the dependent claims 
will follow due to their dependent relationship from the 
independent claims . 
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VII. ARGUMENT 

The final rejections of claims 15, 27 and 30 in the 
present application are based on 35 U.S.C. §103(a). Under U.S. 
patent law, the burden is on the Examiner to establish a prima 
facie case of obviousness of the claimed subject matter over 
prior art references. In re Deuel , 51 F.3d 1552, 1557, 34 USPQ2d 
1210, 1214 (Fed. Cir. 1995). Only after that burden is met must 
the applicant come forward with arguments or evidence in 
rebuttal. Id. To establish prima facie obviousness of a claimed 
invention, all the claim limitations must be taught or suggested 
by the prior art. In re Rovka , 490 F.2d 981, 180 USPQ 580 (CCPA 
1974) . 

A. The Combination of Hirahara and Padden Cannot Render 
Appellant's Claims 15, 27 and 30 Prima Facie Obvious Under 
35 U.S.C. §103 (a) Because the Combination of References Does 
Not Teach Each and Every Element of Appellant's Claimed 
Invention 

As set forth in claim 15, the present invention is 
directed to a connecting device used in an aircraft to connect a 
structural component of the aircraft with a movable part. The 
movable part is defined as being a spoiler, a landing flap or a 
control surface, each of which places extremely high loads upon 
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the connecting device. The connecting device includes at least 
one fitting that is made of a synthetic composite material 
according to a resin transfer molding (RTM) method and includes a 
carbon fabric as a reinforcement element. 

The composite material is the same material from which 
the movable part is made. With this, construction, the present 
invention reduces the demand on the connection between the 
fitting and the movable part in that both elements, being made of 
the same composite material, share substantially the same thermal 
expansion coefficient. In addition, the fitting is secured to 
the movable part by gluing. 

Claim 27 provides a device for connecting a movable 
part of an aircraft with an aircraft structural component. Like 
claim 15, the movable part is a spoiler, a landing flap or a 
control surface. The device includes a fitting made of the same 
composite material as the movable part. The fitting has a 
movable part mounting structure that is secured to the movable 
part using glue, and a structural component connecting part that 
is secured to the structural component. 

To provide articulation, the structural component 
connecting part of the fitting includes at least one arm having 
an aperture therethrough that extends outwardly in a direction 
away from the movable part mounting structure. The inner 
diameter of the aperture defines a bearing surface for receiving 



15 



at least one bearing. 

Claim 30 is directed to the combination of a fitting 
and a movable part. The fitting is configured to connect a 
movable part of an aircraft with a structural component of the 
aircraft. The fitting has a movable part mounting structure and 
a structural component connecting part, the latter of which 
includes at least one arm extending outwardly in a direction away 
from the movable part mounting structure and having an aperture 
therethrough that defines a bearing surface for receiving at 
least one bearing. The fitting is made of a synthetic composite 
material according to the RTM method and includes a carbon fabric 
as a reinforcement element. 

The movable part in claim 30 is further defined as 
being made of the same composite material as the fitting such 
that the fitting and the movable part have substantially the same 
thermal expansion coefficient. The movable part includes an 
upper covering layer and a lower covering layer of fiber 
reinforced fabric, and the movable part mounting structure of the 
fitting is arranged between the upper and lower covering layers 
and is configured to connect the movable part to the structural 
component. As in claims 15 and 27, the movable part is a 
spoiler, a landing flap or a control surface. 

With the foregoing structure, the fitting according to 
the present invention provides a structure suitable for 
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connecting movable parts subject to high shear stress with 
structural components of airplanes. By making the fitting of 
composite material instead of conventional metal, the 
difficulties associated with the thermal expansion of known metal 
devices are avoided. In addition, the composite material fitting 
offers a low weight, a high loading capacity, and a simplified 
producibility . Such a fitting is not shown by the prior art. 

1 . Hirahara Does Not Show the Use of Composite 
Material for a Fitting as Provided in Claims 
15, 27 and 30 

As set forth in greater detail above, claims 15, 27 and 
30 are directed to a fitting for connecting a movable part of an 
aircraft with a structural component of the aircraft. 
Accordingly, there are three components, namely the movable part, 
the structural component and the fitting. The fitting acts as a 
hinge between the other two parts and includes a movable part 
mounting structure for connection to the movable part and a 
structural component connecting part for connection to the 
structural component. 

To provide the articulating or hinged connection 
between the structural component connecting part of the fitting 
and the structural component of the aircraft, the structural 
component connecting part of the fitting includes at least one 
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arm that extends outwardly in a direction away from the moving 
part mounting structure. The arm has an aperture therethrough 
that forms the bearing surface for at least one bearing which 
supports the movement of the moving part. The bearing itself may 
be a sphere or roller such as a ball bearing, or a cylinder such 
as a sleeve bearing. 

As defined in each of claims 15, 27 and 30, the 
structural component connecting part as claimed is part of the 
fitting and the arm with the aperture therein that defines the 
bearing surface is part of the structural component connecting 
part. Since the claims provide that the fitting is made of a 
composite material, it follows by necessity that the structural 
component connecting part with its arm, aperture and bearing 
surface is made of a composite material. Such a fitting is not 
shown by Hirahara. 

Hirahara is directed to a method of making an airfoil 
structure 10 of composite prepreg material. For ease of 
reference, Figure 9 of Hirahara is reproduced on the next page. 
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FIG. 9 




The composite airfoil structure of Hirahara includes a U-shaped 
spar 13 bonded to upper and lower skins 11 and 12 (see column 4, 
lines 50-60) . The spar 13 includes a web 13b with flanges 13a on 
each side of the web that together form the U-shaped cross 
section of the spar (see Hirahara, column 5, lines 23-25; and 
Figures 9 and 14) . 

Neither 13a nor 13b are used to connect the airfoil 
structure to the aircraft structural component; rather, elements 
13a and 13b are part of the spar which, in turn, is part of the 
airfoil structure itself (see column 4, lines 57-59) . Hence, the 
airfoil structure 10 corresponds with the movable part of 
Appellant ' s invention . 

The actual connecting structure or fitting used to 
connect the airfoil 10 to the aircraft wing is not identified by 
name in Hirahara but is simply illustrated in Figures 1 and 2 
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thereof as a hinge or arm projecting outwardly from the web 13b 
and between the flanges 13a. Figure 2 of Hirahara is reproduced 
below and has been annotated to identify the hinges or arms with 
the letter "H". 



FIG. 2 




The hinge or arm "H", while mounted to the spar, is a separate 
component from the spar and it is this unnamed arm which 
corresponds with the claimed fitting of the Appellant's 
invention, and not the spar 13. 

Contrariwise, in rejecting the claims, the Examiner 
concluded that the spar 13 is a fitting, stating that the fitting 
corresponds with the components identified in Hirahara by 
reference numerals 13a and 13b. To reach this conclusion, the 
Examiner has taken the position that the web 13b of the spar 13 
includes the unnamed arm or hinge "H" . Since the spar web 13b 
and flanges 13a are disclosed in Hirahara as being made of a 
composite material, the Examiner goes on to conclude that 
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Hirahara also discloses that the arm or hinge XX H" is also made of 
composite material when, in fact, this is not shown or suggested 
by Hirahara. 

As just explained and as explicitly taught by Hirahara, 
the spar is a U-shaped structure comprised of the web and two 
flanges (see Figures 9 and 14 of Hirahara) . The very method of 
producing the spar taught in Hirahara makes it clear that the arm 
is not a part of the spar. Specifically, in forming the spar, a 
laminate of composite prepreg is formed into the illustrated U- 
shaped cross sectional shape and molded under heat (see column 6, 
lines 6-11) . The spar is then fitted to the upper and lower 
skins, as shown in Figure 9, and pressed by load application 
blocks 34 in a bonding jig 30 to form a single airfoil structure 
(see Figures 11 and 12; column 6, lines 18-29). The pressing of 
the load application blocks 34 against the spar could not occur 
if, as concluded by the Examiner, the spar included an arm 
extending outwardly from the web and integral therewith. 

Beyond the bare depiction of the arm or fitting "H" in 
the structure illustrated in Figures 1 and 2, Hirahara does not 
address the fittings at all. This was evidenced by the Appellant 
during prosecution by the Declaration of Helmut Kaufmann ("the 
Kaufmann Declaration''), which is attached in the Evidence 
Appendix. 

In paragraph 8 of the Kaufmann Declaration, Mr. 
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Kaufmann refers to the fitting as a hinge and, in fact, it was 
Mr. Kaufmann who annotated Figure 2 of Hirahara in the manner 
shown above. Specifically, Mr. Kaufmann in the Kaufmann 
Declaration identified the fitting/hinge in Hirahara as being 
represented by the six unlabeled arms of Hirahara, Figure 2, and 
he marked these hinges as shown in Figure 2 with the letter "H" 
(see the attachment to the Kaufmann Declaration) . In discussing 
these fittings/hinges in paragraph 8 of the Kaufmann Declaration, 
Mr. Kaufmann states that to his understanding, "Hirahara does not 
address the hinges at all, but only methods of forming the box 
structure of the movable surface" (emphasis added) . Therefore, 
the Kaufmann Declaration substantiates that elements 13a and 13b 
are part of the box structure of the movable part in Hirahara; 
they are not fittings as that term is used by Appellant and known 
and understood in the aircraft industry. The Examiner has 
offered no evidence to rebut the Kaufmann Declaration. 

Since the spar in Hirahara does not include the 
fittings or hinges, but only components 13a and 13b, then it is 
clear that Hirahara only discloses an airfoil structure, or 
movable part, made of composite material. There is nothing at 
all in Hirahara to suggest that the unnamed hinges in Figures 1 
and 2 of Hirahara, which are used to connect the spar to the 
aircraft structure, are made of a composite material. Nor would 
the composite prepreg material used to make the spar as taught by 
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Hirahara have sufficient strength to be used as a fitting (see 
Kaufmann Declaration, paragraph 12) . Hence, the skilled person 
would have no reason to conclude that the fittings in Hirahara 
are anything other than conventional metal connectors. 

Therefore, Hirahara does not disclose a fitting made of 
a composite material as set forth in each of claims 15, 27 and 
30. Hirahara also does not disclose a fitting made of the same 
composite material as the movable part as provided in claim 27. 

2 . Padden Does Not Show the Use of Composite Material 

for a Fitting as Provided in Claims 15, 27 and 30 
Padden is directed to a spoiler, or movable part of an 
aircraft, made of graphite epoxy. As such, the scope of Padden' s 
disclosure is analogous to 
that of Hirahara, being 
limited to the description 
of an airfoil structure. 
Padden more clearly 
differentiates the airfoil 
structure from the fittings, 
however, and is consistent 
with Appellant's description 

of what is shown in Hirahara. Figure 1 of Padden is reproduced 
above. 
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As described in Padden, column 1, line 62, to column 2, 
line 7, with reference to Figure 1 as above, the spoiler has six 
parts, namely the upper cover 1, the lower cover 2, the spar 3, 
two pre-cured closure ribs 7 and 8, and the core 9. The fittings 
4, 5 and 6, which are specifically identified with reference 
numerals in Padden, unlike in Hirahara, are clearly NOT part of 
the spoiler. Rather, just as in Hirahara, the fittings in Padden 
are separate components that are attached to the spar (column 2, 
line 4 of Padden) and are used to connect the spoiler to the 
aircraft wing. And it is the fittings that define the hinge 
apertures 11-13 that provide the articulating joint or hinge 
which allows the spoiler to move with respect to the wing or 
structural component of the aircraft when connected thereto by 
the fittings. 

Finally, as affirmatively stated in Padden, the 
mounting fittings 4, 5, 6 and 25, 26 and 27 are made of metal, 
preferably aluminum (see column 4, lines 9-11) . Thus, there is 
nothing in Padden to suggest a fitting made of composite material 
as set forth in claims 15, 27 and 30 of the present invention. 
Nor is there anything in Padden to suggest making a fitting of 
the same composite material as the movable part as provided in 
claim 27. 
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3 . It Would Not Have Been Obvious to Use Composite 

Synthetic Material Formed by the RTM Method for a 
Fitting as Provided in Claims 15 and 30 

As substantiated by the Declaration of Wolfgang 
Billinger ("the Billinger Declaration"), which is attached in the 
Evidence Appendix, in this field of technology it was neither 
well known nor obvious to use a composite material for the 
fitting of a spoiler, landing flap or control surface. 

On the contrary, as stated in paragraph 6 of the 
Billinger Declaration, persons in the aviation field recognized 
that a fitting suitable for high load application such as that 
encountered during take off and landing, must be particularly 
stable to resist shearing forces. To achieve such stability, the 
only known practice was to rely on metal fittings secured with 
metal fasteners (see paragraph 11 of the Billinger Declaration) . 

Further, while it was known to use synthetic composite 
material for structural components such as the wing, composite 
parts made according to the RTM method were considered 
structurally inadequate for fittings (see paragraph 8 of the 
Billinger Declaration) . 

That persons of ordinary skill in the art considered 
hinges or fittings made of carbon fiber reinforced plastic 
according to the RTM method to be wholly unsuitable for an 
aircraft was further substantiated in the Declaration of Helmut 
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Kaufmann & Rudolf Gradinger ("the Kaufmann/Gradinger 
Declaration") , which is also attached in the Evidence Appendix. 

More particularly, Mssrs. Kaufmann and Gradinger state 
in paragraphs 6-8 of the Kaufmann/Gradinger Declaration that, 
prior to their learning of Appellants' invention in 2004, it was 
conventional to make aircraft spoiler hinges of metal, and to use 
metal fasteners to connect the metal fittings securely to the 
movable parts. Mssrs. Kaufmann and Gradinger state in the 
Kaufmann/Gradinger Declaration that they were surprised when they 
heard of the design for a carbon fiber reinforced plastic/resin 
transfer molding aircraft spoiler hinge, as claimed by the 
present invention, further stating that an RTM approach for a 
hinge or fitting designed for use with aircraft spoilers had not 
previously been used. 

Clearly, and as evidenced by the Kaufmann/Gradinger 
Declaration, while the RTM method was known for other 
applications, persons of ordinary skill in the art did not 
consider a hinge fitting made of synthetic composite material 
according to the RTM method to be suitable for the intended use 
of a high-load aircraft fitting. Therefore, selection of such 
material and method was not a matter of obvious design choice but 
instead was a non-obvious departure from known solutions. The 
Examiner has offered no evidence to rebut either the 
Kaufmann/Gradinger Declaration or the Billinger Declaration in 
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regard to these facts. 

Therefore, neither Hirahara nor Padden would suggest to 
the skilled person that a fitting could be made of a synthetic 
composite material by the RTM method as set forth in claims 15 
and 30. 

4 . Neither Hirahara nor Padden Disclose the Use of 

Glue to Secure the Fitting to the Movable Part as 
Provided in Claims 15 and 27 and It Would Not Have 
Been Obvious to Use Glue to Hold the Fitting 

As substantiated by the Billinger Declaration, in this 
field of technology it was neither well known nor obvious to • 
secure a fitting to the movable part of an aircraft by gluing. 

As disclosed in Hirahara, it was known to use glue when 
adhering composite prepreg laminate layers to one another to form 
an airfoil structure (see column 4, line 60 to column 5, line 6) . 
However, Hirahara is silent with respect to how the fitting is 
secured to the spar. But in any event, the use to which glue is 
put in Hirahara is not comparable to the use of glue for securing 
a fitting to a movable part. 

On the contrary, just as composite materials were not 
considered by persons skilled in the art to provide adequate 
strength for use in forming a fitting, the use of glue to secure 
a fitting to the movable parts of an aircraft was also considered 
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to be inadequate to withstand the known shearing forces to which 
a fitting is subjected (see paragraphs 8 and 11 of the Billinger 
Declaration) . "Instead, what was known by persons of ordinary 
skill was reliance on metal fasteners, often a high number of 
screws or rivets, for secure connection of metal fittings to 
movable parts." (Billinger Declaration, paragraph 6). 

The foregoing fact is consistent with what is taught in 
Padden. Particularly, it can be surmised from Figure 2 of Padden 
that the metal fittings disclosed therein are connected to the 
movable part or spoiler with metal connecting elements that 
extend through the fitting, such as rivets or the like. There is 
nothing to suggest that glue is used to connect the fitting in 
Padden. 

In addition, because only metal fasteners were 
considered to have sufficient strength to secure a fitting, 
gluing was not considered to be a fastening technique equivalent 
to metal fasteners for high-load aircraft applications (see 
paragraph 12 of the Billinger Declaration) . The Examiner has 
offered no evidence to rebut the Billinger Declaration in regard 
to this further fact. > 

Mssrs. Kaufmann and Gradinger also state in the 
Kaufmann/Gradinger Declaration that the fact that glue was found 
to have sufficient strength to withstand the known shearing 
forces to which movable aircraft parts are subject was unexpected 
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(see paragraph 11) . Had the use of glue been an obvious 
alternative to metal fasteners, the skilled person would 
certainly have used it previously since, as also stated in 
paragraph 11 of the Kaufmann/Gradinger Declaration, the use of 
glue rather than conventional screws or rivets is beneficial as 
it reduces the weight of the aircraft which is an important 
consideration in aviation. 

In sum, neither Hirahara nor Padden disclose the use of 
glue to secure the fitting and it would not have been obvious to 
the skilled person that glue could be used to effectively secure 
a fitting as set forth in claims 15 and 27. 

B. The Process by Which the Product Set Forth in Appellant's 
Claims 15 and 30 is Produced Does Bear on Patentability 
Because the Resulting Product According to the Claimed 
Invention Has Distinctive Structural Characteristics 

As set forth in Section 2113 of the U.S. Manual of 
Patent Examining Procedure (MPEP) , a product-by-process claim is 
a structure claim and therefore the product must distinguish over 
the prior art on the basis of its structure. However, when the 
manufacturing steps used to make the product would be expected to 
impart distinctive structural characteristics to such product, 
the structure implied by the process steps should be considered 
when assessing the patentability of a product-by-process claim. 
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See, e.g., In re Garnero, 412 F.2d 276, 279, 162 U.S.P.Q. 221, 
223 (CCPA 1979) . 

Independent claims 15 and 30 each specify that the 
fitting is made by the RTM method. A fitting made by this 
process has distinctive structural characteristics that are 
distinguishable over fittings made by other processes as 
discussed in the specification on page 4, lines 23-34; and in the 
last paragraph on page 6 which extends onto page 7. 

As set forth in paragraph 11 of the Kaufmann 
Declaration, the resins used in fiber reinforced systems such as 
RTM are modified with additives that change the structure of the 
resin and produce a part having mechanical properties similar to 
forged versions made from alloys of aluminum, high strength steel 
or titanium. These enhanced mechanical properties are present in 
the claimed fittings and are needed "when the fittings will be 
used in parts which have significant wall thickness 
differentiation, as is the case with aircraft fittings and 
associated movable parts'' (see paragraph 10) . 

In addition, the RTM method provides particular benefit 
in that it offers more degrees of freedom in aligning the fibers 
along the main stresses. Thus, according to the 
Kaufmann/Gradinger Declaration, paragraph 9, the RTM method is 
the first composite manufacturing method appropriate for bulky 
structurally loaded parts. Hence, the fitting made by the RTM 
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method is clearly distinguishable structurally over composite 
parts made by other methods such as the airfoil structures shown 
in Hirahara and Padden. 

Hirahara discloses an airfoil formed by laminating 
various layers of composite prepreg on a forming jig and then 
hardening the assembly by applying heat (see column 4, line 60 to 
column 5, line 6) . As already explained, Hirahara does not 
address the hinges/fittings and, contrary to the Examiner's view, 
does not disclose that the fittings are made of a composite 
material. However, as stated in the Kaufmann Declaration, "if 
one were to make the hinges of Hirahara of the same composite 
material as that disclosed for the skins and spar 13, such 
theoretical hinges would lack sufficient structural strength for 
their intended use" (see paragraph 12) . Again, the fittings made 
by the RTM method are structurally different from composite parts 
made by other methods. 

In paragraphs 9 and 10 of the Kaufmann Declaration, Mr. 
Kaufmann states that, due to the significant wall thickness 
differences between hinges and airfoil web and flange structures, 
the spar 13 of Hirahara could not be produced as a composite part 
together with the fitting using the composite prepreg structure 
taught by Hirahara. Only the RTM method can produce a hinge 
fitting having the required mechanical properties to be used in 
place of a metal fitting to connect the movable part to the 
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structural component of the aircraft. Therefore, the fitting 
made by the RTM method as set forth in claims 15 and 30 has 
enhanced mechanical properties over, and "is structurally 
different from", the composite prepreg structure taught in 
Hirahara for the airfoil (see paragraph 12 of the Kaufmann 
Declaration) . The Examiner has offered no evidence to rebut this 
further fact from the Kaufmann Declaration. 

Padden discloses a composite movable part connected to 
the wing using metal fittings. Therefore, Padden contributes 
nothing that would suggest an aircraft fitting made of composite 
material by the RTM method. 



32 



VIII. CONCLUSION 

In conclusion, Appellant respectfully requests reversal 
of the Examiner's rejection of claims 15, 27 and 30 under 35 
U.S.C. §103 (a) as being unpatentable over Hirahara in view of 
Padden for the reasons discussed above. 

Respectfully submitted, 
JACOBSON HOLMAN PLLC 
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IX. CLAIMS APPENDIX 



All claims involved in this appeal appear below. 
The pending claims are as follows: 
Claims 1-14 (Canceled) . 

15. (Previously Presented) A connecting device used in an 
aircraft to connect a movable part of said aircraft with a 
structural component of said aircraft, said connecting device 
comprising at least one fitting having a movable part mounting 
structure and a structural component connecting part so as to be 
configured to connect said movable part with said structural 
component, said structural component connecting part of said 
fitting including at least one arm extending outwardly in a 
direction away from said movable part mounting structure and 
having an aperture therethrough, an inner diameter of said 
aperture defining a bearing surface configured to receive at 
least one bearing, and glue securing said movable part mounting 
structure of said fitting to said movable part, said fitting 
being made of a synthetic composite material according to a resin 
transfer molding method and including a carbon fabric as a 
reinforcement element, said composite material being a same 
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material as that from which said movable part is made, said 
movable part being selected from the group consisting of a 
spoiler, a landing flap and a control surface. 

Claims 16-18, (Canceled). 

19. (Previously Presented) The device as set forth in claim 
15, further comprising a reactive material sewn or woven in said 
carbon fabric. 

20. (Previously Presented) The device as set forth in claim 
19, wherein said reactive material is nylon. 

21. (Previously Presented) The device as set forth in claim 
15, further comprising a recess provided in said movable part, 
said movable part mounting structure of said fitting being 
embedded in said recess. 

22. (Previously Presented) The device as set forth in claim 
21, wherein said movable part includes an upper covering layer 
and a lower covering layer, said movable part mounting structure 
of said fitting being arranged therebetween. 

23. (Previously Presented) The device as set forth in claim 
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22, wherein said movable part mounting structure of said fitting 
is glued with said upper covering layer and said lower covering 
layer. 

24. (Withdrawn) The device as set forth in claim 15, 
further comprising additional connecting means. 

25. (Withdrawn) The device as set forth in claim 24, 
wherein. said additional connecting means include rivets or 
screws. 

26. (Previously Presented) The device as set forth in claim 
15, further comprising an indentation provided in said movable 
part, wherein said movable part mounting structure of said 
fitting is embedded in said indentation. 

27. (Previously Presented) A device for connecting a 
movable part of an aircraft with a structural component of said 
aircraft, said device comprising a fitting having a movable part 
mounting structure and a structural component connecting part to 
connect said movable part to said structural component, said 
structural component connecting part of said fitting including at 
least one arm extending outwardly in a direction away from said 
movable part mounting structure and having an aperture 
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therethrough, an inner diameter of said aperture defining a 
bearing surface for receiving at least one bearing, and glue that 
secures said movable part mounting structure of said fitting to 
said movable part, said movable part being selected from the 
group consisting of a spoiler, a landing gear and a control 
surface, and said fitting being made of a same composite material 
as said movable part. 

28. (Withdrawn) A device for connecting a movable part of 
an aircraft with a structural component of said aircraft, said 
device comprising a fitting integrally formed as one piece with 
said movable part and made of a same synthetic material as said 
movable part, said fitting having a structural component 
connecting part configured to connect said integral fitting and 
movable part with said structural component, said structural 
component connecting part including at least one arm extending 
outwardly in a direction away from said movable part and having 
an aperture therethrough defining a bearing surface for 
connection with said structural component, said synthetic 
material made according to a resin transfer molding method and 
including a reinforcing carbon fabric, said movable part being 
selected from the group consisting of a spoiler, a landing flap 
and a control surface. 
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29. (Canceled) . 



30. (Previously Presented) The combination of a fitting for 
connecting a movable part of an aircraft with a structural 
component of said aircraft , and said movable part, comprising: 

said fitting having a movable part mounting structure 
and a structural component connecting part, said structural 
component connecting part of said fitting including at least one 
arm extending outwardly in a direction away from said movable 
part mounting structure and having an aperture therethrough that 
defines a bearing surface for receiving at least one bearing, 
said fitting being made of a synthetic composite material 
according to a resin transfer molding method and including a 
carbon fabric as a reinforcement element; 

said movable part also being made of said composite 
material such that said fitting and said movable part have 
substantially a same thermal expansion coefficient, said movable 
part having an upper covering layer and a lower covering layer of 
fiber reinforced fabric, and said movable part mounting structure 
of said fitting being arranged therebetween and configured to 
connect said movable part to said structural component, said 
movable part being selected from the group consisting of a 
spoiler, a landing flap and a control surface. 
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31 . (Canceled) . 



32. (Previously Presented) The combination as set forth in 
claim 30, further comprising glue applied to said fitting and/or 
said movable part to secure said fitting to said movable part. 

33. (Previously Presented) The device as set forth in claim 
27, wherein said glue alone secures said fitting to said movable 
part, there being an absence of any other fastening component. 

34. (Previously Presented) The device as set forth in claim 
30, wherein said fitting and said movable part are integrally 
formed as one piece. 

35. (Previously Presented) The device as set forth in claim 
15, wherein said fitting further includes a second arm having an 
aperture therethrough that defines an articulation point. 

36. (Previously Presented) The device as set forth in claim 
35, wherein said arm defining the bearing surface is 
substantially parallel with said second arm defining the 
articulation point. 
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X. EVIDENCE APPENDIX 

See attached references Hirahara and Padden, and 
attached Declaration of Wolfgang Billinger, Declaration of Helmut 
Kaufmann and Rudolf Gradinger, and Declaration of Helmut 
. Kaufmann . 

The Declaration of Wolfgang Billinger was filed 
concurrently with an Amendment and entered on the record by the 
Examiner on July 9, 2004. 

The Declaration of Helmut Kaufmann and Rudolf Gradinger 
was filed concurrently with an Amendment and entered on the 
record by the Examiner on May 6, 2005. 

The Declaration of Helmut Kaufmann was filed 
concurrently with an Amendment and entered on the record by the 
Examiner on August 2, 2007. 
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(57) ABSTRACT 

A box-structure airfoil is constructed of a composite material 
upper skin, a composite material lower skin 12 and a spar. 
Ribs and an elongate projection are formed integrally on the 
inner surface of each of the two skins. The upper and lower 
skins and the spar are simultaneously bonded by an adhesive 
to form a single structure. Since the ribs and the elongate 
projection are one-piece formed with each skin, it is possible 
to reduce the number of principal constituent components. 
Furthermore, since assembly operation is made by using the 
adhesive, there is no need for fasteners or the like for 
assembling. Moreover, the spar is bonded not only to 
Moreover, because not only a web but also flanges on both 
sides of the spar are bonded to the respective skins, it is 
possible to obtain a large strength. According to the 
invention, it is possible to reduce the number of principal 
constituent components and that of assembling components 
of an airfoil, thereby achieving its cost reduction. 
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COMPOSITE AIRFOIL STRUCTURES AND 
THEIR FORMING METHODS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 
'ITie present invention pertains to airfoil structures of 

composite material used in part of an aircraft elevator or 
wing, for example, as well as to methods of forming such 
airfoil structures. More particularly, the invention relates to 
airfoil structures of composite material which are easy to 10 
manufacture and provide a high peeling strength as well as 
to their forming methods. 

2, Description of the Related Art 

FIGS. 19 to 21 show an elevator surface structure of a ^ 
related art aircraft using composite materials, in which the 
aircraft's elevator 1 is constructed by individually forming 
an upper skin 2, a lower skin 3, a spar 4 and ribs 5 using the 
composite materials and, then, assembling them by use of 
fastener means 6, such as bolts and nuts. 

The related art aircraft elevator 1 has such problems that 20 
it involves a large number of principal constituent 
components, requiring high manufacturing costs for those 
components, and because they need to be assembled by 
using a number of fasteners, assembling component costs 
are also high. A further problem is that it is necessary to 25 
make many holes for fitting the fasteners, resulting in an 
increase in man-hours required for assembly work. 

Box-structure airfoils in which a frame is produced by 
previously fastening spars and ribs with clips to reduce the 
man-hours required for assembly with fasteners and upper 30 
and lower skins are bonded to the frame are disclosed in 
European Patent Bulletin Publication No. 485027 and pub- 
lished U.S. Pat. No. 5,216,799, for example. 

Although it has been attempted to reduce the number of 
fasteners and the man-hours required for assembly by 35 
assembling the individual skins by bonding in the afore- 
mentioned box-structure airfoil, the number of components 
is not actually reduced because the principal components 
have the same construction as those of the related art. 
Further, as it is necessary to previously join the spars and 40 
ribs with fasteners and then adjust mating surfaces by 
machining flange surfaces of the spars and ribs after frame 
assembly, there arises a problem that man-hour requirements 
are increased. 

Also, structures shown in FIGS. 22 and 23 in which a 45 
frame 7 and a skin 8 are bonded by using an adhesive 9 have 
a low out-of-plane peeling load (peeling load exerted in a 
direction perpendicular to the skin 8) compared to fastener 
assembly, and this would pose a problem related to strength. 

Although it is advantageous for improving the peeling 5Q 
strength if the frame 7 has an I-shaped cross section rather 
than a U-shaped cross section, the frame 7 of the I-shaped 
cross section entails approximately twice as high manufac- 
turing cost as the frame 7 of the U-shaped cross section, thus 
developing a problem of increased cost. ^ 

SUMMARY OF THE INVENTION 

The invention has been made in consideration of these 
situations. Accordingly, it is an object of the invention to 
provide airfoil structures of composite material which make 
it possible to reduce the number of principal constituent 60 
components and assembling components to thereby achieve 
cost reduction, as well as methods of forming such airfoil 
structures. 

A composite material airfoil structure of the invention 
comprises a composite material skin which forms one of top 65 
and bottom surfaces of an airfoil, a second composite 
material skin which forms the other of the top and bottom 
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surfaces of the airfoil, a composite material spar having 
flanges and a web which together form a U-shaped cross 
section, the spar being attached to at least one terminal 
portion of the skins, composite material ribs and an elongate 
projection for adhesive bonding of the spar, the ribs and 
elongate projection being located between the skins, 
wherein the ribs and elongate projection are formed inte- 
grally with at least one of the skins. In this airfoil structure, 
it becomes possible to reduce the number of principal 
constituent components and thereby achieve cost reduction. 
Furthermore, by bonding the individual flanges of the spar 
to individual skin members, it becomes possible to obtain a 
peeling strength equivalent to that achieved when using a 
spar having an I-shaped cross section even when the spar 
having the U-shaped cross section is used to achieve cost 
reduction. 

In a composite material airfoil structure of the invention, 
the ribs and elongate projection are formed integrally with 
one skin and their extreme ends are bonded to the other skin. 
In this airfoil structure, the construction of the skin having 
no ribs or elongate projection is simplified and it becomes 
possible to reduce manufacturing costs. 

In a composite material airfoil structure of the invention, 
the ribs and elongate projection are formed integrally with 
each skin and their extreme ends are bonded to one another. 
In this airfoil structure, dimensions of the ribs and elongate 
projection rising out of each skin are reduced and it becomes 
possible to improve the overall strength of each skin one- 
piece formed with the ribs and elongate projection. 

A method of forming a composite material airfoil struc- 
ture of the invention comprises a molding process in which 
a first composite material skin which forms one surface of an 
airfoil and a second composite material skin which has ribs 
and an elongate projection integrally formed on an inner 
surface and forms the other surface of the airfoil are sepa- 
rately formed, and a bonding process in which bonding 
between extreme ends of the ribs and elongate projection 
and the first skin, bonding between individual flanges of a 
spar and the individual skins, and bonding between a web of 
the spar and the elongate projection are simultaneously done 
by using an adhesive to thereby form a single structure. This 
method makes it possible to reduce the number of principal 
constituent components and thereby achieve cost reduction. 
It also becomes possible to reduce the manufacturing costs 
as it is not necessary to use fasteners, for instance. 

In a method of forming a composite material airfoil 
structure, the first skin is formed by laminating composite 
material prepreg on a mold base having the same outer 
contours as the airfoil, placing a foam core covered with a 
glue film on an upper surface of the prepreg, laminating 
again composite material prepreg on top, and hardening an 
entire assembly by thermosetting operation. Since this 
method uses the foam core as core material, pressures are 
uniformly allocated during a hardening process unlike the 
case in which an anisotropic core material like a honeycomb 
panel is used. Thus, it becomes possible to reduce deforma- 
tion during the thermosetting operation. 

In a method of forming a composite material airfoil 
structure, the second skin is formed by laminating composite 
material prepreg on a mold base having the same outer 
contours as the airfoil, placing a foam core covered with a 
glue film on the upper surface of the prepreg, laminating 
again composite material prepreg on top, placing an intra- 
projection foam core covered with a glue film on top, 
laminating again composite material prepreg on top, placing 
intra -rib foam cores covered with a glue film on top, 
laminating yet again composite material prepreg on lop, and 
then hardening an entire assembly by thermosetting opera- 
tion. Since this method uses the foam cores as core material, 
deformation is reduced even when the second skin and the 
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ribs and elongate projection are one-piece molded. It also FIG. 7 is a cross-sectional diagram taken along lines 

becomes possible to reduce the number of principal con- VII— VII of FIG. 6; 

stituent components by one-piece molding the second skin FIG. 8 is a diagram showing a skin which is subjected to 

with the ribs and elongate projection. the thermosetting operation with the molding jigs and caul 

A method of forming a composite material airfoil struc- 5 plate set in position; 

lure of the invention comprises a molding process in which pIG. 9 is a diagram showing a method of bonding the two 

a first composite material skin which forms one surface of an skins and a spar; 

airfoil and a second composite material skin which has ribs pjQ ; s a cross-sectional diagram taken along lines 

and an elongate projection integrally formed on an inner ^ ^ Q f F jq 9. 

surface and forms the other surface of the airfoil are sepa- I0 " 'perspective diagram showing a status in 

rately formed, and a bond.ng process ,n wh*h ^bonding ^ » * been set in a bonding jig, which is used 

ass z^t^^rt^i ^°v he box ~ e *** for carrying oul a 

spar and the individual skins, and bonding between a web of bonding operation, 

the spar and the elongate projections are simultaneously FIG. 12 is a vertical cross-sectional diagram taken from 

done by using an adhesive to thereby form a single structure. 15 FIG. 11; 

This method makes it possible to reduce the number of FIGS. 13rt-136 is a diagram showing stresses exerted on 

principal constituent components and thereby achieve cost ribs having a trapezoidal cross section; 

reduction. It also becomes possible to reduce the manufac- pjQ 14 j s a diagram corresponding to FIG. 9 showing a 

luring costs as it is not necessary to use fasteners, for second embodiment of the invention; 

instance. Furthermore, since the ribs and elongate projection 20 ^ ^ fa ^ cross-sectional diagrarn take n along lines 

are integrally formed in halves on each skin, their dimen- ^ v Q ^ ^ 

sions rising out of each skin arc reduced and it becomes ' ' a n . , c , rt _ 

possible to improve the overall strength of each skin one- W is a dmgram corresponding to FIG. 1 showing a 

piece formed with the ribs and elongate projection. third embodiment of the invention; 

In a method of forming a composite material airfoil 25 FK5 . 17 is a cross-sectional diagram taken along lines 

structure, each of the first and second skins is formed by XVII— XVII ol MG. 10, 

laminating composite material prepreg on a mold base FIG. 18 is a diagram showing a location where a box- 
having the same outer contours as the airfoil, placing a foam structure airfoil of FIG. 16 is applied; 
core covered with a glue film on the upper surface of the FIG. 19 is a perspective diagram showing the construction 
prepreg, laminating again composite material prepreg on 30 of an elevator of a related art aircraft of composite material; 
top, placing an intraprojection foam core covered with a glue p IG 2 n is an enlarged cross-sectional diagram taken 
film on top, laminating again composite material prepreg on a] lines XX— XX of FIG. 19; 

top, placing intra-rib foam cores covered with a glue film on is an cn i arged C ross-sectional diagram taken 

top, laminating yet again composite material prepreg on top, YYT => f p , n ?ft . 

and then hardening an entire assembly by thermosetting alon & ^ A i . 

operation. Since this method uses the foam cores as core 35 FIGS. 22a-22b is a diagram showing stresses exerted on 

material, it becomes possible to reduce deformation during adhesively bonded joints between a frame having a 

the thermosetting operation even when the ribs and elongate U-shaped cross section and a skin; and 

projection are one-piece molded with each skin member. FIGS. 23a-23b is a diagram showing stresses exerted on 

In a method of forming a composite material airfoil adhesively bonded joints between a frame having an 

structure, pressure plates are placed at least on end surfaces 40 I-shaped cross section and a skin, 

of the ribs and elongate projection prior to the thermosetting nP^ruiPnoisi op thf PRFFFRRFD 

operation, the pressure plates having shapes corresponding DKCRIPTION OF TOE l^EFEI^ED 

to the shapes of mating bond surfaces. This arrangement EMBODlMfcN lb 

eliminates the need to adjust the mating surfaces one by one M()des of garrying oul the invention, or embodiments 

when bonding the two skins to each other and makes it « ^ dcscribcd Mo w referring to the drawings, 

possible to simplify mismatch correction. x ^ 2 ^ & box ^ truclure airfoil ^ cora . 

In a method of forming a composite material airfoil [{t malerials according to a first embodiment of the 

structure, a pasty thermosetting adhesive is used as the Invention. This box-struclure airfoil 10 is used as an elevator 

adhesive. As a consequence, a gap, whichever created of an aircraft u showQ m FIG 3 

between bond surfaces, is filled with the adhesive as long as 50 . . 

thegapisab.u^mnTVideorl^ ria^^ 

to prevent a reduction in strength almost completely. ™gg matcrial ^ 12 P forming a boUom surface 

BRIEF DESCRIPTION OF THE DRAWINGS of the airfoil, and a composite material spar 13 attached to 

. - . an extreme forward portion of the airfoil as shown in FIGS. 

FIG. 1 is a cross-sectional structural diagram of a box- 55 x aQd ^ ifl which four ribs 14> fof mstance , and an elongate 

structure airfoil according to a first embodiment of the pro j ection 15 f or adhesive bonding of the spar 13 are formed 

invention; integrally on the inner surface of each skin 11, 12. Both skins 

FIG. 2 is an exploded perspective diagram of the box- ^ ^ and the spar 13 are bonded by a pasty thermosetting 

structure airfoil of FIG. 1; adhesive to together form a single structure. 

FIG. 3 is a diagram showing a location where the box- 60 ^ s j, 0 wn in FIGS. 4 and 5, each of the skins 11, 12 is 

structure airfoil of FIG. 1 is applied; formed by laminating composite prepreg 18 like a therroo- 

FIG. 4 is a diagram showing a method of forming a skin setting carbon-fiber reinforced plastic (CFRP), for instance, 

member; on a steel skin forming j ig 17 having a surface corresponding 

FIG. S is a cross-sectional diagram taken along lines to the outer contours of the airfoil, placing an intra-skin 

V — V of FIG. 4; 65 foam core 20 whose outer surface is covered with a glue film 

FIG. 6 is a diagram showing locations of molding jigs and 19 like a thermosetting film, for instance, on the upper 

a caul plate fitted to skins prior to thermosetting operation; surface of the composite prepreg 18 laminate, laminating 
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again composite prepreg 18 on top, placing an intra- back pack 27 and bagging is done by sealing a gap between 

projection foam core 21 covered with a glue film 19 on top, the periphery of the back pack 27 and the skin forming jig 

laminating again composite prepreg 18 on top, placing 17 with a sealing material 28. Then, each skin 11, 12 is 

intra-rib foam cores 22 covered with a glue film 19 on top, molded under heat at a temperature of 180 C. under a 

laminating yet again composite prepreg 18 on top, and then 5 pressure of 3.2 atmospheres in an autoclave, 

hardening the entire assembly by application of beat. On the other hand, the spar 13 is formed as follows. 

It is advisable to use a product known by the trade mark 9<fP° sit ? J>' e P re f ^ llSrSinto 

DnuArci r „ r q i n * 1 1,1 nfr»rm,m, th,t m,^ instance, is laminated and a resultant laminate, formed into 

ROHACELLof Rohm Co., Ltd. of Germany that is made up a ^ Qlo ^ c[io ^ X shape, is molded under heat at a 

of polymethacryhc imidc which provides excellent heat temp erature of 180° C. under a pressure of 3.2 atmospheres 

resistance as the foam cores. 10 in ( £ e autoc ] ave to produce the spar 13. 

The individual foam cores 20, 21, 22 used are foam cores W hcn the individual skins 11, 12 and the spar 13 have 

which have been subjected to postcuring operation (one been f orme d in the aforementioned manner, a pasty thermo- 

form of heat treatment) to reduce deformation which may setting adhesive 16 (which cures at 120° C, for example) is 

occur while they arc molded under heat. The intra-projection applied to bond surfaces of the two skins 11, 12 and those 

foam core 21 and the intra-rib foam cores 22 are formed into 15 of the spar 13, and the same adhesive 16 is applied to outer 

a rodlike structure having a trapezoidal cross section as surfaces of the two flanges 13a and the web 13ft of the spar 

shown in FIGS. 4 and 5. These foam cores 21, 22 improve 13 as shown in FIGS. 9 and 10. Then, these components are 

overall strength as they are combined with the intra-skin bonded simultaneously to together form a single structure, 

foam core 20 and prevent stress concentration. FIGS. 11 and 12 show an example of a bonding jig used 

The skins 11, 12 thus formed are set such that end surfaces for bonding operation, in which the bonding jig 30 has a base 

oftheirribsl4andelongateprojeclionsl5alignfacetoface, 20 ^ * of face plates 33 mounted on the base 31 by 

and joined together using the adhesive, as shown in FIGS. 1 f«PPorls 32 together forming a V shape, and wedge -shaped 

d J 2 & b load application blocks 34. The two skins 11, 12 and the spar 

, , - . 13 to which the adhesive 16 has been applied are inserted 

rhe spar 13 is made up of flanges 13a located on boLh intQ a e between the two face p i ates 33 f rora a i> 0 ve in 

sides and a web 136 which together form a U-shaped cross a temporarily bonded condition and pressed by the load 

section as shown in FIGS. 1 and 2. The flanges 13a on both application blocks 34 placed on the spar 13. The skins 11, 12 

sides are bonded to the individual skins 11, 12 by the and (he spar l3 are bonded to form the single structure as 

adhesive. The web Ub is bonded to the elongate projections thcy arc heatcd at a lernpe rature of 120° C under pressure 

15 of both skins 11, 12 by the adhesive. With this adhesive exerted by the blocks 34. 

bond construction, an adhesive strength equivalent to the Because [he fibs u amJ me elongale pr() j e ciion 15 are 

adhesive strength achieved by a spar having an I-shaped 30 formed ^ - n { Qf each ^ n n ^ descri5ed 

cross section is obtained by using the spar 13 of the above> the number of principal constituent components is 

U-shaped cross section. reduced. Since the assembling components like fasteners arc 

The spar 13 is produced by laminating composite prepreg not requ ired as a consequence, it is possible to achieve cost 

like thermosetting CFRP, for instance, shaping the compos- reduction. 

ite prepreg laminate into a U-shaped cross section, and then 35 Furthermore, since the foam cores 20, 21, 22 having 

hardening it by heat. isotropic mechanical properties are used as core material and 

Next, an airfoil forming method according to the present these foam cores are postcured, it is possible to reduce 

embodiment is described. deformation which may occur while they are molded under 

In the manufacture of the box-structure airfoil 10, the heat even when each skin 11, 12 is one-piece molded 

upper skin 11, the lower skin 12 and the spar 13 are formed 40 together with the ribs 14 and the elongate projection 15. 

individually. Also, because the jigs 23, 24 and the caul plate 25 are 

In forming each skin 11, 12, the composite prepreg 18 like placed on the adhesive bond areas of each skin 11, 12 prior 

a 180° C.-hardening CFRP, for instance, is laminated on the to their molding operation under heat, it is possible to 

skin forming jig 17 having a surface corresponding to the significantly improve the accuracy of their bond surfaces. In 

outer contours of the airfoil, the intra-skin foam core 20 45 particular, it become no longer necessary to adjust mating 

whose outer surface is covered with the glue film 19 like a surfaces of the individual ribs 14 one by one in adhesive 

180° C.-hardening film, for instance, is placed on the upper assembly operation and this serves to simplify mating sur- 

surface of the composite prepreg 18 laminate, and the f a ce adjustment. 

composite prepreg 18 is laminated again on top as shown in i n addition, since the spar 13 is formed into a U-shaped 

FIGS. 4 and 5. The skins are formed in this manner. 5Q cross-sectional shape, it can be produced at a lower cost 

Subsequently, the intra-projection foam core 21 is cov- compared to those having an I-shaped cross section, 

ered with the glue film 19 and placed on the upper surface, Moreover, since not only the web 136 but also the flanges 

and the composite prepreg 18 is laminated again on top. 13a on both sides of the spar 13 are bonded to the respective 

Consequently, the elongate projection 15 is formed. skins 11, 12, it is passible to obtain an adhesive strength 

Further, the intra-rib foam cores 22 are covered with the $s equivalent to the adhesive strength achieved by the spars 

glue film 19 and placed on the upper surface, and the having the I-shaped cross section. 

composite prepreg 18 is laminated yet again on top. Furthermore, because the individual ribs 14 have a trap- 
Consequently, the ribs 14 are formed. ezoidal cross section as shown in FIGS. 13(a) and 13(6), 
On the laminated assembly thus obtained, a jig 23 made their left and right inclined surfaces can evenly support a 
of steel, for instance, for keeping a surface to be bonded to peeling load. Due to this trapezoidal cross-sectional shape, 
the spar 13 in flat shape is placed at the front side of the 60 combined with the fact that the individual skins 11, 12 has 
elongate projection 15, a jig 24 made of CFRP, for instance, high stiffness and the amount of their deformation is small, 
for keeping skin bonding surfaces in fiat shape is placed on it is possible to alleviate stress concentration. Moreover, 
the end surfaces of the ribs 14 and elongate projections 15, although the extreme end surfaces of the ribs 14 of the 
and a caul plate 25 made of aluminum, for instance, for individual skins 11, 12 are bonded face to face, it is possible 
forming a trailing edge flat surface is placed at the rear end 65 to obtain a sufficient peeling strength since the peeling load 
of the laminated assembly, as shown in FIGS. 6 to 8. The is evenly supported by the left and right inclined surfaces of 
entire assembly is then covered with bleeder cloth 26 and a each rib 14. 
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FIGS. 14 and 15 are diagrams showing a second embodi- 
ment of the invention, in which the upper skin 11 and the 
lower skin 12 of the first embodiment are replaced by an 
upper skin 41 and a lower skin 42. 

More particularly, the upper skin 41 is constructed of a 
skin portion alone, while the lower skin 42 is constructed of 
a skin portion and large-sized ribs 44 and elongate projection 
45 which are one-piece formed with the skin portion, as 
shown in FIGS. 14 and 15. 

This embodiment otherwise has the same construction 
and functional features as the earlier-described first embodi- 
ment. 

Although the ribs 44 and elongate projection 45 of the 
lower skin 42 are large-sized compared to those of the first 
embodiment, the present embodiment has an advantage over 
the first embodiment in terms of cost when applied to a 
box-structure airfoil 10 having a relatively small thickness, 
because it is advantageous in that the upper skin 41 is made 
into a simple shape. 

FIGS. 16 to 18 are diagrams showing a third embodiment 
of the invention which is so configured that a box -structure 
airfoil 10 can be used as a horizontal stabilizer of an aircraft. 

More particularly, this box-structure airfoil 10 is con- 
structed of an upper skin 51, a lower skin 52, a front spar 
53A and a rear spar 53B, in which ribs 54, a front elongate 
projection 55A for bonding the front spar 53A and a rear 
elongate projection 55B for bonding the rear spar 53B are 
formed integrally on the inner surface of each skin 51, 52, 
as shown in FIG. 16. 

This embodiment otherwise has the same construction 
and functional features as the earlier-described first embodi- 
ment. 

In the light of the foregoing discussion, it is expected that 
this embodiment provides the same advantageous effects as 
the earlier-described first embodiment. 

Since ribs and elongate projection arc one-piece molded 
together with a skin member in this invention as thus far 
described, it is possible to reduce the number of principal 
constituent components as well as the number of assembling 
components like fasteners. As a consequence, it is possible 
to achieve cost reduction. Further, since individual flanges of 
a spar are bonded to individual skin members, it is possible 
to obtain a peeling strength equivalent to that achieved when 
using a spar having an I -shaped cross section even when the 
spar having a U-shaped cross section is used to achieve cost 
reduction. 

In this invention, the ribs and elongate projection are 
formed integrally with one skin and their extreme ends are 
bonded to the other skin. Therefore, the shape of the second 
skin can be simplified and, in particular, it is possible to 
achieve cost reduction when the invention is applied to a 
box-structure airfoil having a small thickness. 

In this invention, the ribs and elongate projection arc 
formed integrally with each skin and their extreme ends are 
bonded to one another. This makes it possible to reduce 
dimensions of the ribs and elongate projection rising out of 
each skin even when the invention is applied to a box- 
structure airfoil having a large thickness. Furthermore, such 
skins are easy to manufacture and it is possible to improve 
the overall strength of each skin as it is one-piece formed 
with the ribs and elongate projection. 

In this invention, a box-structure airfoil is manufactured 
by a molding process in which a spar and individual skin 
members are separately formed and a bonding process in 
which bonding between extreme ends of the ribs and elon- 
gate projection and the first skin member, bonding between 
individual flanges of the spar and the individual skirts, and 
bonding between a web of the spar and the elongate pro- 
jection are simultaneously done by using an adhesive to 
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thereby form a single structure. This makes it possible to 
reduce the number of principal constituent components as 
well as the number of assembling components like fasteners 
and thereby achieve cost reduction. 

5 In this invention, the first skin is formed by laminating 
composite material prcprcg on a mold base having the same 
outer contours as the airfoil, placing a foam core covered 
with a glue film on an upper surface of the prepreg, 
laminating again composite material prepreg on top, and 
hardening an entire assembly by thermosetting operation. 

10 By using the foam core as core material, pressures are 
uniformly allocated during a hardening process unlike the 
case in which an anisotropic core material like a honeycomb 
panel is used. Furthermore, since the foam core is covered 
with the glue film, it is possible to improve adhesion 

J5 between the foam core and the prepreg. 

In this invention, the second skin is formed by laminating 
composite material prepreg on a mold base having the same 
outer contours as the airfoil, placing a foam core covered 
with a glue film on the upper surface of the prepreg, 
laminating again composite material prepreg on top, placing 

20 an intra -projection foam core covered with a glue film on 
top, laminating again composite material prepreg on top, 
placing intra-rib foam cores covered with a glue film on top, 
laminating yet again composite material prepreg on lop, and 
then hardening an entire assembly by thermosetting opera- 

25 lion. According to this arrangement, the second skin is 
one-piece molded with the ribs and elongate projection, 
making it possible to reduce the number of principal con- 
stituent components. 
In this invention, a box-structure airfoil is manufactured 

30 by a molding process in which a spar and individual skins 
are separately formed, and a bonding process in which 
bonding between extreme ends of ribs and elongate projec- 
tions of the individual skins, bonding between individual 
flanges of the spar and the individual skins, and bonding 
between a web of the spar and the elongate projections of 

35 both skins are simultaneously done by using an adhesive to 
thereby form a single structure. Since the ribs and elongate 
projection are integrally formed in halves on each skin, their 
dimensions rising out of each skin are reduced even when 
the box -structure airfoil is of a type having a large thickness. 

40 Furthermore, the individual skins can be easily formed and 
it is possible to improve the overall strength of each skin as 
it is one-piece formed with the ribs and elongate projection. 

In this invention, each of the first and second skins is 
formed by laminating composite material prcprcg on a mold 

45 base having the same outer contours as the airfoil, placing a 
foam core covered with a glue film on the upper surface of 
the prepreg, laminating again composite material prepreg on 
top, placing an intra-projection foam core covered with a 
glue film on top, laminating again composite material 

50 prepreg on top, placing intra-rib foam cores covered with a 
glue film on top, laminating yet again composite material 
prepreg on top, and then hardening an entire assembly by 
thermosetting operation. According to this arrangement, it is 
possible to reduce deformation during the thermosetting 
operation even when the ribs and elongate projection are 

55 one-piece molded with each skin. 

In this invention, pressure plates are placed at least on end 
surfaces of the ribs and elongate projection prior to the 
thermosetting operation, the pressure plates having shapes 
corresponding to the shapes of mating bond surfaces. This 

60 arrangement eliminates the need to adjust the mating sur- 
faces one by one when bonding the two skins to each other 
and makes it possible to simplify mismatch correction. 

Since a pasty thermosetting adhesive is used as the 
adhesive in this invention, a gap, whichever created between 

65 bond surfaces, is filled with the adhesive and this makes it 
possible to prevent a reduction in strength almost com- 
pletely. 
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While presently preferred embodiments of the present 
invention have been shown and described in detail, it will be 
understood that these disclosures for the purpose of illus- 
tration and that various changes and modifications can be 
made therein without departing from the spirit and scope of 5 
the invention as set forth in the appended claims. 

What is claimed is: 

1. An airfoil structure made from a composite material, 
having, an upper skin made from said composite material for 
forming an upper contour of said airfoil structure and for 0 
extending in a chord length direction, a lower skin made 
from said composite material for forming a lower contour of 
said airfoil structure and for extending in said chord length 
direction, and a rib interposed between said upper and lower 
skins and arranged in said chord length direction for sup- 
porting thereof, comprising: 15 

a spar interposed between said upper and lower skins at 
either one of edge portions thereof in said chord length 
direction and extended in a span -wise direction; 

a web formed in said spar and being approximately 2Q 
perpendicular to said both skins for making a space 
therebetween; 

a flange formed on both edge portions of said web for 
supporting said upper or lower skin so as to adequately 
and continuously mate with said upper or lower con- 25 
tour; and 

a protrusion integrally formed on said upper or lower skin 
for adhesively bonding said spar and said rib so as to 
effectively and economically maintain a sufficient 
strength against a peeling stress applied thereof. 30 

2. A box-shaped wing airfoil structure having, an upper 
skin made of a composite material for forming an upper 
contour surface thereof, a lower skin made of said composite 
material for forming a lower contour surface thereof, and a 
spar made of said composite material and interposed 35 
between said upper and lower skins to extend in a spanwise 
direction of the wing airfoil structure, comprising: 

flanges formed at both upper and lower edge portions of 
said spar and bonded to a lower surface of a front edge 
portion of said upper skin and to an upper surface of a 40 
front edge portion of said lower skin, respectively; 

a web formed between rear edges of said flanges of said 
spar to provide the spar with a U-shaped cross-section 
opening forward and to define a rear surface of the spar; 

a first elongated projection of said composite material, 45 
integrally formed with along a lower surface of the 
front edge portion of said upper skin and bonded to said 
rear surface of the spar; 

a second elongated projection of said composite material, 5Q 
integrally formed with and along an upper surface of 
the front edge portion of said lower skin and bonded to 
said rear surface of the spar; 

a plurality of first ribs of said composite material, formed 
integrally with both said upper skin and said first 55 
elongate projection and extending rearward from the 
first elongate projection said first ribs being disposed 
with intervals in said spanwise direction; 

a plurality of second ribs formed integrally with both said 
lower skin and said second elongate projection and 
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extending rearward from the second elongate 
projection, said second ribs being disposed with inter- 
vals in said spanwise direction; and 

said first elongate projection and said first ribs being 
bonded to said second elongate projection and said 
second ribs in a mutually confronting disposition; 

whereby precise and easy assembly of the box -shaped 
wing airfoil structure at a low cost is enabled with a 
strong resistant strength against a peeling force applied 
thereof. 

3. The box-shaped wing airfoil structure according to 
claim 2, wherein: 

said first and second elongate projections have a trapezoi- 
dal cross-sectiooal shape. 

4. The box-shaped wing airfoil structure according to 
claim 2, wherein: 

said first and second ribs have a trapezoidal cross- 
sectional shape. 

5. A box-shaped wing airfoil structure having, an upper 
skin made of a composite material for forming an upper 
contour surface thereof, a lower skin made of said composite 
material for forming a lower contour surface thereof, and a 
spar made of said composite material and interposed 
between said upper and lower skins to extend in a spanwise 
direction of the wing airfoil structure, comprising: 

flanges formed at both upper and lower edge portions of 
said spar and bonded to a lower surface of a front edge 
portion of said upper skin and to an upper surface of a 
front edge portion of said lower skin, respectively; 

a web formed between rear edges of said flanges of said 
spar to provide the spar with a U-shaped cross-section 
opening forward and to define a rear surface of the spar; 

an elongate projection of said composite material, inte- 
grally formed with and along an upper surface of the 
front edge portion of said lower skin and bonded to said 
rear surface of the spar; 

a plurality of ribs of said composite material, formed 
integrally with both said lower skin and said elongate 
projection and extending rearward from the second 
elongate projection, said ribs being disposed with inter- 
vals in said spanwise direction; and 

said elongate projection and said ribs being bonded to a 
lower surface of said upper skin in a confronting 
disposition; 

whereby precise and easy assembly of the box-shaped 
wing airfoil structure at a low cost is enabled with a 
strong resistant strength against a peeling forced 
applied thereof. 

6. The box-shaped wing airfoil structure according to 
claim 5, wherein: 

said elongate projection has a trapezoidal cross-sectional 
shape. 

7. The box-shaped wing airfoil structure according to 
claim 5, wherein: 

said ribs has a trapezoidal cross-sectional shape. 

* * * * * 
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[57] ABSTRACT 

A graphite epoxy spoiler for an aircraft wing is manu- 
factured by estimating the shear force to which the 
spoiler will be subject, and forming a fitting attachment 
surface and fitting designed to eliminate a separate shear 
attachment between the spoiler structure and the center 
attachment/drive fitting. This permits use of a one piece 
co-cured honeycomb sandwich construction for the 
spoiler. * 

24 Claims, 7 Drawing Sheets 
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comb core 9. In order to construct this type of spoiler, 
COMPOSITE FOCUSED LOAD CONTROL the various parts are separately pre-cured and then 

SURFACE bonded together to form the spoiler assembly. The 

mounting fittings 4-6 are then attached to spar 3. The 
BACKGROUND OF THE INVENTION 5 mounting hardware defines three hinge apertures 11-13 

1. Field of the Invention * n *P crture 14 for atlachin S an aCtUat ° r C ° mro1 
This invention relates to the manufacture of compos- ro °- . . n „~A„ n » m ir>*nv 

ite load bearing structures, and in particular to the man- This design while structurally ^^^^J^ 
ufactureofanaircraft wing spoiler of honeycomb sand- |ft acceptable, suffers from high manufacturing costs due 
wich construction. The invention also relates to a de- 10 to the relatively large number of graphite plies and 
sign configuration for composite load bearing structures curing steps to form the final assembly, 
in general and in particular to a design configuration for SUMMARY OF THE INVENTION 
an aircraft wing spoiler of honeycomb sandwich con- 
struction. In view of tne above-described disadvantages of cur- 

2. Description of Related Art 15 rent designs, it is an objective of the invention to reduce 
Because of the weight savings offered by advanced costs by providing a method of manufacturing a load- 
composite materials, especially epoxy graphite, and the bearing structure subjected during use to shear forces, 
resulting improvements in performance, modern air- but which eliminates the need for a direct shear attach - 
craft have become increasingly reliant on such materi- rnent of the structure's mounting fittings to the surface 
als. The F- 16 was the first military aircraft to use graph- 20 of the structure. 

ite epoxy structures in production, and the technology it is a second objective of the invention to reduce 

has advanced to the point where many aircraft, such as cosls by providing an advanced composite control sur- 

the F-18, use graphite composites extensively, in appli- f ace subjected during use to shear forces and which 

cations ranging up to 26% of the aircraft's structural would conventionally require a multiple part construc- 

weight. Future military aircraft designs are projected to 25 t j OI1| but which is instead a co-cured one piece assembly, 

include as much as 40-50% of their structural weight in | t j s a objective of the invention to. provide a 

advanced composites. method of manufacturing an aircraft spoiler assembly 

The commercial and general aviation industries have w hich does not require a direct shear attachment of the 

also utilized advanced composite technology, in con- spo jler actuator mounting fitting to the spoiler's control 

ventional transport aircraft, the resulting weight sav- 30 surface 

ings providing significant increases in payload and con- h [s fl fQimh ob j ective of the invention to provide a 

sequent decreases in fuel consumption. Advanced com- nt ^ loA c f manufacturing an advanced composite air- 

posites have already been certified by the FAA for craft comro , surface and in p art i cu iar a graphite epoxy 

secondary structural (not critical to flight safety) com- contrQj swf whjch eliminatcs the need for a multi . 

ponents and transport aircraft have been designed with 35 $$ muh i p l e pre-cured 
advanced composite secondary structures including 

fairings, control surface* and the like. P These ob j ec tives are accomplished by providing a 

A disadvantage of the graphite epoxy control surface, iece assembl in P which tne attachment 

however, is that the cost to weight ratio is relatively ~JJ^° the P aS5Cmbys J mTo] surfaC e is caused to 

^onKeTgn^ " ^."^M^ttJ^ 

for graphite epofy control surfaces current y necessi- ™h^ 

tate a concentrat on of graphite material piles and, in auaenmem oi iac ,UM K c av ^JLi ttc m 

many configurations, the useof multiple pre-cured parts control surface because ^ » 

in order to provide spars and other structural elements 45 component of the axial load at the fitting attachment 

necessary to accommodate fitting attachments. Con- surface. - m%tmm , i%M A „ {mx : t ie „o«ihii. tn 

struction of control surfaces having a large number of As a result of the inventive design it « possible to 

graphite material piles and pre-cured parts requires provide graphite epoxy c °« 

multiple curing cycles in the autoclave, greatly increas- surfaces which is compeut ve in cost with traditional 

£s i^ufac^s time and costs 50 aluminum construction. This approach allows for a less 

1 tr^K v^. cuncnt graphite complicated graphite structure around the main attach- 

epoxy spoiler desigE for a transport aircraft. The spoiler mem fitting because no vertical shear attachment is 

lOisa special form of control surface which is loVated required between the attachment fitting and the bonded 

on the upper surface of the trailing edge of the wing 11 W We f ^' ^ kK^S 

as shown in FIG. 3a, and which deflects upward from 55 spar on the control surface is not required Attachment 

flaps 12 under pilot command in order to provide roll fitting complexity is also reduced using the inventive 

control and braking functions. The principal load on the focused load concept because less fasteners are required 

spoiler when the spoiler is extended is therefore a shear along with a smaller fitting. 

force resulting from the airstream at the top of the wing In a particularly preferred embodiment of the inven. 

which is normal to the spoiler when the spoiler is in its 60 tion, a center attachment fitting for an aircraft spoiler is 

operative position. provided with a center spoiler hinge point and drive 

The current design utilizes a honeycomb sandwich actuator attachment point. The core of the spoiler in- 

core construction, and requires six pieces, not including eludes a one-piece co-cured honeycomb sandwich con- 

the three attachment fittings. The six pieces include struction with an integral front spar supported on the 

respective pre-cured upper and lower covers 1 and 2, a 65 wing by two hinge fittings and a center actuator drive 

pre-cured spar 3 for providing shear attachment of fitting. The spoUer is driven by one mid-span hinge/ac- 

mounting fittings 4-6 to the control surface, and pre- tuator connected to a single hinge/actuator drive fitting 

cured closure ribs 7 and 8 which enclose the honey- which is designed such that the transverse shear is re- 
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acted by a component of the axial force in the lower intermediate surface 30. The fittings also include hinge 

cover at the hinge/actuator drive fitting. The inboard attachment apertures 31-33 and actuator attachment 

fitting is a link fitting used to uncouple wing and spoiler aperture 34 similar to respective apertures 11-14 of the 

strong axis bending. The outboard fitting has a pivot conventional spoiler design. Flange 29 and surface 21 

line normal to the hinge line to eliminate side loads. All 5 form an angle determined by a line extending from the 

side loads are reacted at the center hinge/actuator fit- flange to the location of the focal point of the predicted 

ting. shear force on the control surface when the spoiler is 

Focusing of the applied loads is accomplished by extended, as will be described in detail below, 

causing an extension or tangent of the lower cover The preferred material for the spoiler is an advanced 

fitting attachment flange to converge at a focus point on 10 composite material such as graphite epoxy while the 

the upper cover to form an angle of load convergence material for all hinge fittings is preferably aluminum, 

selected to cause the resulting structure to function as However, it will be appreciated that the invention is not 

an integral unit or "truss." intended to be limited to a particular material for either 

According to the preferred method of manufacture, the fittings or the spoiler itself. In the case of a graphite 

therefore, the above spoiler, including a composite load 15 epoxy spoiler with aluminum fittings, all aluminum 

bearing surface of honeycomb sandwich construction, pans are preferably isolated from the graphite epoxy 

is formed as a one piece co-cured assembly by first us ing a fiberglass isolation ply. 

predicting the shear forces to which the control surface Construction of the spoiler employs the previously 

will be subject, and then forming the lower fitting at- mentioned, co-cured molding process and the focused 

tachment flange such that an extension thereof con- 20 load concept to minimize weight, part bonding costs, 

verges on the upper surface at the focus point of the arK j assembly costs, including minimizing the costs of 

predicted shear forces. hole drilling, fastener insulation, fit up, and shimming. 

In an especially advantageous embodiment of the Use of a co-cured molding process is possible because 

invention, the integral spar is at an angle of approxi- tne design of the spoiler reduces complexity of the cen- 

mately forty-five degrees to allow the lower cover to 25 ter hinge/actuator drive fitting attachment points. The 

drape completely over the entire core. upper and lower cover design utilizes tape and fabric 

BRIEF DESCRIPTION OF THE DRAWINGS « rb ? n fP 0XV while the edges of the spoiler are prefera- 
bly thickened to resist handling damage. Preferably, the 

FIG. 1 is an exploded perspective view of a current integral spar is at forty-five degrees, as shown, to permit 

spoiler design. 30 tne lower cover to drape completely over the entire 

FIG. 2 is a perspective view of a one-piece co-cured spar 

spoiler design having an integral front spar according to core be i n the form of a Nomex honeycomb, 

a preferred embodiment of the invention. or a s j m jj a r advanced composite honeycomb construc- 

FIG. 3(a) is a top view of an aircraft wing showing (ion The bonded spoiler assemblies are mechanically 

the location of spoilers of the type illustrated in FIGS. 35 assem bled to the aluminum hinge fittings. using flush 

1-3(0)- m bolt and nuts through the upper cover and, by way of 

FIG. 3(*) is a top view of the preferred spoiler of example, blind Composi-loks for the connections 

FIG. 2. through the lower cover and integral spar. 

FIG. 4 is a cross-sectional side view of the preferred This simp , e construct j ori , using well-known curing 

spoiler taken along line A— A in FIG. 3(b). AO techn j queS| is made possible through the use of an at- 

FIG. 5 is a side view of the preferred spoiler taken tachmcnl flange geometry which eliminates a shear 

along line B~B in FIG. 3. attachment on the hinge/actuator drive fitting, as fol- 

FIG, 6 is a side view of the preferred spoiler taken lows . 

along line C— C in FIG. 3. Referring to FIGS. 7 and 8, which shows a section of 

FIG. 7 is a perspective yiew illustrating the applied 45 the i|er at thc hingc / a ctuator drive fitting 27, it is 
loads to the preferred spoiler hinge/actuator drive fit- mitia „ y noted that the spoiler |oads may bc represented 

tm iL~ A . . . ^. _ * . | _ . as shear force Vi and 2V2 and opposing coupling forces 

FIG. 8 is a schematic diagram further illustrating the Rj and Rj FofCe Rj is providcd by the actuator and is 

geometry of the applied loads to the preferred hin- oppQsed by the parallel 0f hori20ntal ninge coupling 

ge/actuator drive. 50 force compon e nt R^ 0 f R 2 . The shear force V, and 

FIG. 9 is a flowchart illustrating a preferred method 2 y 2 is d by the transverse 0T vcr tical component 

of manufacturing a load bearing structure according to R of Wnge force r 2 . 

a preferred embodiment of the invention. ^ scaJar sujn of ^ forccs OJ} lhc fming in the x 

DETAILED DESCRIPTION OF THE „ direction is therefore simply the sum of Ri and R2*, i.e.: 
PREFERRED EMBODIMENTS 
FIGS. 2-6 show a one piece co-cured spoiler struc- 
ture constructed according to the principles of a pre- The scalar sum of the vertical or Y direction forces is 
ferred embodiment of the invention. FIGS. 1, 2, and 

3(b) are shown in inverted position so that the lower 60 s/>~-h+*2/=0 (2) 
cover is depicted as facing up for clarity. 

The preferred spoiler, as shown in FIG. 2, is made up At the hinge attachment point 32, the shear force V, 

of a honeycomb core 20, a lower surface 21 including a actually has two components, the first component V| 

hinge attachment area 22, an upper surface 23, and an being the aerodynamic force on the lower cover as 

integral front spar 24. The spoiler is attached to the 65 shown in FIG. 7. The second component V2 of shear 

wing by hinge fittings 25 and 26 and by an hinge/act ua- force V, is distributed over the spar 24. Thus, 

tor drive fitting 27. Each of the attachment fittings 2V=sV|+2V 2 , while 
includes mounting surfaces or flanges 28 and 29 and an 
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lF r ~R2>— Vi-2V}**Q <3) fitting 27, as was assumed in the calculations used to 

obtain the geometry of fitting 27. 
2 Fy is set to zero because the system is effectively As a result of the above geometry, it is possible to 
static when in operation, and is preferably determined manufacture a graphite epoxy aircraft spoiler, and other 
at the maximum load to which the spoiler will be sub- 5 load bearing composite structures, using a single curing 
ject for all flight and ground modes. step as follows, with reference to FIG. 9: 

In FIG. 8 f the scalar sum of the moments acting about First, the focii and magnitude of shear forces Vj and 
point A is therefore given by the sum of the products of V2 must be determined using conventional internal 
the respective unconstrained forces R2*, R2j* V| and V 2 loads analysis, so that $ can be calculated according to 
and their respective distances to point A, dv2d2, dj, 10 equation 8. Once S is obtained, the spoiler is formed 
and d2 (one half the spar depth), with the addition of a with integral lower and upper covers and co-cured as a 
torsion T caused by air loads on the remaining spoiler one-piece assembly. Finally, the attachment hardware 
surface adjacent to the hinge/actuator area. This sum is may be added to complete the spoiler assembly, 
set to zero about point A, as follows: Prediction of the shear forces may be accomplished 

15 in a conventional manner, using computer modeling 
2K 2 d2+K|rf, + r-*2j<2rf 2 )-/l2*<rf3)=o (4) and/or wind tunnel tests of various spoiler configura- 

tions. In addition, the curing process by which the 
As is apparent from FIG. 8, the relative magnitudes spoiler is formed will be readily apparent to those 
of the coupling forces Kzx and R2* which are the reac- skilled in the art in view of the above description, 
tive forces on the hinge opposed to actuator coupling 20 Having thus described a specific example of the in- 
force Rj, are determined by the shape of the fitting, and vention in terms of a graphite epoxy spoiler, it will 
thus by the angle between attachment flange 22 and the nevertheless be appreciated that the principles of the 
X axis or horizontal direction defined by the lower invention are not to be limited to aircraft spoiler de- 
cover. In order to eliminate the shear force on the hinge signs, but rather may have application in a variety of 
fitting therefore, it is simply necessary to specify Suva 25 structures requiring shear attachments. In addition, 
manner which satisfies the initial condition given by " h ' le V jjphite epoxy ,s a preferred material, the pnnci- 
eouatio (4) p es 0 invention may be of use m connection with 

other materials that are used in contexts in which a 
shear interface is required. In fact, it is anticipated that 
30 numerous variations of the invention will occur to those 
R iy (5) skilled in the art. Therefore, it is intended that the inven- 

*2* tion not be limited to the specific embodiment de- 

scribed, but rather that it be limited solely by the ap- 
( * \ ( d\ \ T ( di \ pended claims. 

1 [rSf ) + Vx K~ r~- Rl >\~)M * claim: 

1. A method of manufacturing a load bearing struc- 
tnd ture which during use is subjected to a shear force, 

comprising the steps of: 

*2;r= v \ + 2*2. 0) ( a ) forming a core having a lower surface and an 

|hcn 40 upper surface, and a spar connected to said lower 

and upper surfaces to form a continuous cover for 

tj + 2^ (8) said core; 

tm8 ~ d T ( * \ (b) determining a focus point of applied loads on said 

— + Sr ~ 2{ Kl " 2 Vl) \ "3T J flttin « ; and 

45 (c) forming in said lower surface a fitting attachment 

. , . _ . . r . . . . , flange for attaching a fitting to said structure and 

Equations 6 and 7 are solutions of equations 4 and 3, ^ {% connected t0 said spar ^ch that a tangent 

respectively, in terms of R 2 * and R 2 ^ 0 can thus be of sajd attachment flange converges with said 

defined solely in terms of predictable shear forces acting SUfface at the focus ml of app]ied on 

on the spoiler and the spoiler geometry. For loading 5Q ^ f lttm g 

conditions where the pressure load distribution on the 2 A method as c to me t jn c i aim X| f urt her comprising 
control surface varies, the determination of the distance thc step of curing said core> lowcr sur f ace# upper sur* 
to the focal point (di), would be based on a weighted face> and spar simultaneously to obtain a one piece co- 
average loading condition and location of the center of cured structure. 

pressure. Moments produced by. shear forces not lo- 55 3 A method as claimed in claim 1, wherein said core, 

cated on the focus would be reacted by vertical forces spafi and lower and upper surfaces are formed as a 

on the fitting flanges. Under normal conditions these co-cured one piece structure having a honeycomb core 

forces would be small and considered as a secondary sandwiched by said lower and upper surfaces, 

effect in the design. 4. A method as claimed in claim 3, wherein said at- 

Once the angle of the attachment surface is defined, 60 tachment surface and spar are formed as a single contin- 

the hinge/actuator drive fitting 27's inner surface flange uous surface. 

is designed to match the angle. In addition inboard 5. A method as claimed in claim 4, wherein said spar 

fitting 25 includes a slotted pivot 3 perpendicular to the is formed at a non-zero angle relative to a principal 

hinge line which uncouples the spoiler and wing strong plane of said lower surface. 

axis bending, while in the spoiler deplayed condition 65 6. A method as claimed in claim 1, wherein said step 

after bending the outboard fitting 26 has a pivot line 44 of forming said fitting attachment flange comprises the 

normal to the hinge line to eliminate side loads so that step of causing said tangent to converge at said upper 

all side loads are reacted at the center hinge/actuator surface at a convergence angle $ arranged to eliminate 
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a vertical shear connection between said spar and said 

attachment flange. i\ -r 2V 3 

7. A method as claimed in claim 6, wherein said angle tan - ( d\ \ T ( di V 
of convergence 6 of said tangent and said lower surface y \ {~7T IT ~ 21 Vx + 2Vl) ) 
is defined by the equation 5 

where V2 is a net shear force on said spar, V| is a net 
V\ + 2t' 2 shear force on said upper surface, d2 is one half a hori- 

( d] \ T / dl \ * zontal component of a spar depth, said component 

TT "7T " 2{Vl + 1Vl) l"3T J 10 ^ing parallel to a principal plane of said upper surface, 

and da is a vertical component of the spar depth. 

.... . . - . . . . 15. A structure as claimed in claim 9, wherein said 

where V 2 is a net shear force on said spar V, ,s a net smrc . $ an aircraft 

shear force on said upper surface, d 2 is one half a hori- 16 A $lructure as daimed in claim 9 wherein M 

zontal component of a spar depth, said component structure is formed of a composite material, 

being parallel to a principal plane of said upper surface, n A structure as claimed in claim Ut wherein said 

and djt is a vertical component of the spar depth. composite material is graphite epoxy. 

8. A load bearing structure manufactured according 18 A struc ture as claimed in claim 9, further compris- 
to the method of claim 1. j ng means including at least one hinge fitting for pivota- 

9. A load bearing structure which during use is sub- 2Q D ly attaching the structure to a second structure, 
jected to a shear force, comprising: 19. A structure as claimed in claim 18, wherein said 

a core; an upper surface; a lower surface including a hinge fitting is made of aluminum, 

fitting attachment flange for attaching a fitting to 20. A structure as claimed in claim 18, wherein a 

said structure; and a fitting attachment spar con- number of said fittings is three, 

necting the lower surface and the fitting attach- 2 5 21 « A structure as claimed in claim 20, wherein the 

ment surface, wherein a tangent of said fitting at- actuator/hinge attachment fitting includes a first por- 

tachment surface and said upper surface converge "on arranged to be mounted on said second structure, a 

at a focal point of applied loads on said fitting. second portion oriented to be parallel to said attach- 

10. A structure as claimed in claim 9, wherein said ment surface » and a third portion connecting said first 
core, spar, lower surface, and upper surface form a 30 and second portions, said third portion being onented to 
co-cured one piece structure. be parallel to a surface of said spar. 

11. A structure as claimed in claim 9, wherein said f 22 : A^ctuje as claimed m claim 20 wherein each 

core is a honeycomb core sandwiched by said lower ^^^^ ITni™ £™ Sf/nd 

, J mounting said structure on a pivot to Form a ninge, and 

and upper surfaces. , 35 wherein one of said fittings further includes means de- 

12. A structure as claimed in claim 11, wherein said * fini an a e for roounting an actuator t0 cause 
lower surface and spar are parts of a single continuous ^ struclure to pivot aboilt said hinge< 

surface. . . . 23. A sttucture as claimed in claim 22, wherein said 

13. A structure as claimed in claim 12, wherein said f irst structure is a spoiler and said second structure is an 
spar forms a surface oriented at a non-zero angle with aircraft wing having inboard and outboard portions, 
respect to said upper surface. 24. A structure as claimed in claim 23, wherein an 

14. A structure as claimed in claim 9, wherein an outboard one of said fittings has means including a pivot 
angle 6 between said tangent of said attachment surface line extending normal to an axis of said hinge for elimi- 
and said upper surface is given by the following equa- nating side loads. 

tion: 45 * * * • * 
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DEGLAEATXOtf OF WOLFGANG BILLINGER 



Commissioner of Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir; 

I, Wolfgang Eillinger, do hereby declare the following: 

1. I reside in Ried, Austria, am currently employed by Fischer 
Advanced Composite Components AG (FACC AG) at Fischerstr ;9, P.O. Box 
192, A-4910 Ried, Austria, and am one of the named inventors for the 
above- identified application. 

2 . My educational background is set forth on my Curriculum 
Vitae (*CV") attached hereto as Attachment A, As indicated, I have 
a Master's degree in engineering from the technical university of 
Vienna. I have also been published extensively in the field of 
composite materials, 

3. My professional experience, which is also set forth on the 
attached CV, Attachment A, includes over 14 years of experience as a 
senior engineer with FACC AG, at least six of which have been spent 
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in the development and testing of connecting devices for the 
securing of structural components and movable parts of aircraft. 
Throughout my tenure with FACC AG, I have gained extensive 
experience in calculating monolithic and sandwich structures of 
state of the art composite materials, as well as metallic airplane 
structures. As a result of my education and experience, my 
professional contemporaries and colleagues consider me an expert in 
composite structures and materials, specifically as such composite 
technology relates to the aviation field. 

4. Based upon my education and experience, I have an opinion 
regarding what the level of ordinary skill in the aviation field as 
related to composite technology generally would be. In most cases, 
such persons would have at least a bachelor's degree, in mechanical 
engineering, and would have at least several years of experience in 
mechanical engineering. 

5. Drawing upon my expertise in this industry, I understand 
the level of ordinary skill in the art at the time the above- 
captioned application was filed (January 24, 2 002) and can offer my 
expert opinion as to how persons of ordinary skill in the art would 
perceive and respond to relevant art in the field of composite 
technology, particularly as it pertains to the aviation field, 

6. In the aviation field, a fitting suitable for high load 
application, such as that acting on the movable parts used to assist 
the aircraft in taking off, landing, and moving, must be especially 
stable and not prone to separation from the movable part due to 
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shearing forces. Such shearing forces are caused by the high 
temperature deviations faced in aviation and the differences in 
temperature coefficients between synthetic components and metal 
fittings. However, as representatively shown by U.S. patents to 
Roeseler et al. (4,213,587) and Arena (5,098,043) as discussed in 
the specification, persons of ordinary skill in the art attempting 
to solve these problems did not contemplate a fitting made of 
synthetic composite material according to a resin transfer molding 
method,, and including a carbon fabric as a reinforcing element, nor 
did they contemplate a securing of the fitting to the movable part 
by gluing. Instead, what was known by persons of ordinary skill was 
reliance upon metal fasteners, often a high number of screws or 
rivets, for secure connection of metal fittings to movable parts. 

7. I have reviewed the prior art considered by the Patent 
Examiner, specifically U.S. Patent No. 4,966,802 to Hertzberg and EP 
0 532 016 to Padden. 

8, Padden describes a spoiler for an aircraft wing which is 
disclosed as being made of a composite material. However, there is 
nothing to suggest the use of a synthetic material for the fitting 
(which instead is made of aluminum) , nor is there anything to 
suggest the formation of the fitting from the same composite 
material as the movable part so that both parts share a common 
thermal expansion coefficient; again, a fitting made of synthetic 
composite material according to a resin transfer molding method, 
whether joined to the movable part by gluing or formed integrally 
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therewith, was considered by persons of ordinary skill in the field 
to be structurally inadequate for the high- load application being 
claimed by ray invention. 

9. Hertzberg describes composites made of fiber reinforced 
resin elements joined by adhesive for joining sheets or panels of 
material and their reinforcing members. These sheets or panels, 
when adhered together, are resistant to the delamination problems 
associated with prior resin composites and therefore represent an 
improvement over prior resin composites. However, Hertzberg does 
not contemplate the use of fiber reinforced resin elements in the 
formation of fittings to secure movable and structural parts. 

10. Persons skilled in the aviation field seeking to design a 
fitting for high load application between movable and structural 
parts of an aircraft would look to the art of metal fittings. Such 
persons would not look to laminated panel construction such as shown 
in the U.S. patent of Hertzberg (4,966,802)/ in seeking to design a 
fitting for the purpose and application claimed in the subject 
patent application. 

XI. During my six years of developing and testing connecting 
devices for the securing of structural components and movable parts 
of aircraft, I have never seen a fitting made of synthetic composite 
material according to a resin transfer molding method, and including 
a carbon fabric as a reinforcing element, with the fitting being 
secured to the movable aircraft part by gluing. Nor am I aware of 
anyone in the aviation industry who considered the use of a fitting 
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of such construction for this application. 

12. When a fitting of the claimed type was introduced to the 
industry in 2002, the response of experts was high interest with 
some disbelief. Such a fitting was universally considered to be 
inadequate to withstand the known shearing stresses, as was the use 
of glue to connect movable and structural aircraft components. 
Further, in this technology field, namely high-load aircraft 
applications, bolting and gluing are not considered equivalent by 
persons of ordinary skill therein. 

13. It is my opinion that the subject matter claimed in the 
above -identified application would not have been obvious to one of 
ordinary skill in the art based upon the prior art cited and 
considered by the Patent Examiner, or any other prior art fitting 
construction and design known to me* 

14. I further declare that all statements made herein of my 
own knowledge are true and that all statements made on information 
and belief are believed to be true? and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment or both, under section 10 01 of Title 18 of the United 
States Code; and that such willful false statements may jeopardize 
the validity of the application or any patent issuing thereon. 

Date -tfolfgaaj Billinger \ 

Attachment A: CV of Wolfgang Billinger 
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STATUS: Mav. 2004 
NAME: 

COMPANY ADDRESS: 



COMPANY PHONE NUMBER: 
COMPANY FAX NUMBER: 
HOME ADDRESS: 

DATE OF BIRTH: 
NATIONALITY: 




Dipl. Ing. WOLFGANG BILLINGER 

FISCHER ADVANCED COMPOSITE COMPONENTS AG 
FISCHERSTR: 9/P.O. BOX 192 
A-4910 Rl ED/AUSTRIA 

0043 7752 616 201 

0043 7752 616 8201 

PETERSKIRCHEN 17 

A-4743 PETERSKIRCHEN / AUSTRIA 

FEBRUARY 02, 1 962 

AUSTRIA 



A) EDUCATION: 

1 968 - 1 972 primary school 

1 qj2 - 1 980 secondary school 

1980 school leaving examination of secondary school 
October 1 980 - September 1 981 military service in the Austrian army 

1981 - 1986 

technical university of Vienna, study for mechanical engineering; 

special lectures of light weight structures and finite elements 

dissertation at the institute for lightweight structures and aircraft construction 

December 1986 

graduate engineer, released by the technical university of Vienna 



B) WORK EXPERIENCE 



1987-1990 

Project engineer at Wintersteiger.GmbH ( Ried ) for woodworking machines (division 
engineering ). Stress Engineer for division sports and division seedmech of Wintersteiger. 
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Stre^Engineer at Fischer Advanced Composite Components ( FACC ) Gmbh. 

for pRp - Components for the US and European Aircraft Industry. 

Since 2000 

R&D Manager FACC AG 



C) SPECIAL EXPERIENCE 



Composite Technology 



Experience in calculating monolithic structures ( MD1 1 - flap hinge fairings, MD90 - strata. ... ) 
as well as sandwich structures ( A320 - hatrack, WID1 1 - flap hinge fainngs, B71 7 - ceiling 
panel, sidewall panel, bagrack. A340 - thrust reverser blocker door, .. ) , consisting of all state 
of the art composite materials with duroplastlc resin systems. 

Experience in calculating metallic airplane structures ( A320 - main landing gear door hinge, 
B717 - bearings and brackets, B717 - z-bridge and intercostals, A340 - trust reverser blocker 
door : fittings, .. ) A340 - Spoiler, A340 - blocker door, RTM - Center Fitting 
New production methods ( liquid mouldings ) and simulation of them. M&PE activities like 
qualification of new materials. 
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Po^r: DEVICE FOR CONNECTING MOVABLE; PARTS WITH STRUCTURAL 
ELEMENTS OF AIRPLANES AND THE LIKE 

DECLARATION OF HELMUT KAUFMANN & RUDOLF GRADINGER 

Commissioner of Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Sir: 

We, Helmut Kaufmann and Rudolf Gradinger, do hereby declare the 
following? 

1. We, Helmut Kaufman and Rudolf Gradinger, are both currently 
employed by the ARC Leichtmetallkompetenzzentrum Ranshofen GmbH 
(hereafter U LKR") , an R&D company in Austria focused on light metal 
technology. I^KR projects range from alloying to component design, 
mainly with respect to aluminum and magnesium alloys. However, in 
the case of design and stress engineering, parts made out of steel, 
titanium, polymers or ceramics may be treated as well. 

2. 1 1 Helmut Kaufman, received my M.S. in mechanical 
engineering and my Ph.D. in material science from the 
Montanuniversitat Leoben (Austria) in 1987 and 1992, respectively. 
After serving for one year as a visiting scientist at the Materials 
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Science Department of the Massachusetts Institute of Technology 
(MIT) in the United States in 1989, I joined Austria Metall AG 
(AMAG) where I conducted research work in casting technology, m 
1994, I moved to Ube Europe GmbH in DCisseldorf (Germany) where my 
work focuBsed on Squeeze Casting and Semi-Solid Casting. Upon 
returning to Austria in 1997, I took the position of head of the. 
Light Metal Competence Center of LKR in Ranehofen. In 2000, when 
LKR became a wholly owned subsidiary company of the Austrian 
Research Centers GmbH, I was appointed Managing Director of LKR. 

3. I, Rudolf Gradinger, received my M.S. in mechanical 
engineering from the Vienna University of Technology (Austria) in 
1997. in that same year I joined the Light Metal Competence Center 
of LKR in Ranehofen and started my research work in light weight 
design. In 2001, I became the head of the joining technology 
working group at LKR and, in 2003, expanded my responsibilities to 
include simulation. In 2004, I merged the working groups of joining 
technology, simulation and new applications into a new Light Weight 
Design Group of which I am the head. Also in 2004, I held a lecture 
at Wels College of Engineering on the topic of simulation and 
computer aided engineering (CAB) in Materials Engineering. 

4. As a result of our collective education and experience, it 
is our opinion that persons of ordinary skill in the aviation field 
as related to composite technology would have at least a bachelor's 
degree in mechanical engineering, and would have at least several 
years of experience in mechanical engineering. 
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5. Drawing upon our expertise in this industry and our 
understanding of the level of ordinary skill in the art at the time 
the above-oaptioned application was filed (January 24, 2002), we can 
offer our expert opinion as to how persons of ordinary skill in the 
art perceived the uee of composite technology as it pertains to the 
aviation field. 

6. Prior to 2004 it was conventional to make aircraft spoiler 
hinges of aluminum or titanium alloys, mainly forgings. m 
addition, what was known by persons of ordinary skill was reliance 
upon metal fasteners, suoh as screws or rivets, for secure 
connection of the metal fittings to the movable parts. 

7. In 2004, we came to know of the design for a carbon fiber 
reinforced plastic/resin transfer molding (CFRP/RTM) center hinge 
fitting, i.e., aircraft spoiler hinge, developed by Mr. Wolfgang 
Billinger ("the Billinger design") at Fischer Advanced Composite 
Components AO. We have reviewed the corresponding subject matter of 
Mr. Billinger' s captioned U.S. patent application, namely Serial No. 
10/053,656, which to our view sets forth the CFRP/RTM aircraft 
spoiler hinge according to his design, 

8. Upon hearing of the Billinger design, we were initially 
surprised by this innovation as previously we had not been aware of 
any RTM approach for a hinge or fitting design for use with aircraft 
spoilers . 

9. Unlike known methods of prepreg manufacture which employ an 
autoclave to solidify the prepreg material, the RTM process offers 
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more degrees of freedom in aligning the fibers along the main 
stresses and thus is the first appropriate composite manufacturing 
method for bulky structurally loaded parts. 

10 ' awartxQi* Billinser deei 9«' w ^9ht savings on the order of 
50 kg per 1 on. can be achieved without increased cost, as 
compared with conventional metal fittings. This fact is of great 
significance and, provided the technical requirements are fulfilled, 
establishes the cost benefit of the RTM approach as compared to any 
light weight metal design. (To obtain an analogous weight saving 
using metal, a comparable light metal design could be made out of 
titanium, but this would be accompanied by an unacceptable increase 
in cost . ) 

11. In aircraft design, one of the areas in which major weight 
savings are obtained is related to the joining technique used 
between the hinge and the spoiler. The replacement of screws by 
adhesive bonding according to the Billinger design therefore 
provides further weight savings and, unexpectedly, sufficient 
strength to withstand the known shearing stresses to which movable 
aircraft parts such as spoilers, landing flaps and control surfaces 
are subject. 

12. in addition, the use of composite material for both the 
fitting and the spoiler according to the Billinger design results in 
reduced thermal stresses at the interface between these components 
due to the similarity in their thermal expansion coefficients. This 
is an improvement over conventional metal fittings where the thermal 
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stresses between the metal and the CPRP at the bearing of the center 
hinge fitting have to be considered and accommodated. 

13 . it i B thus our opinion that a fitting made of synthetic 
composite material according to the RTM method, whether joined to 
the movable part by gluing or formed integrally therewith, i B 
Innovative as the game would not have been considered by persons of 
ordinary skill in the field to be structurally adequate for the 
high- load hinge application to which the Billinger design is 
directed. 

14. We further declare that all statements made herein of our 
own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment or both, under section 1001 of Title IB of the United 
States Code, and that such willful false statements may jeopardize 
the validity of the application or any patent issuing thereon. 

Dr. Helmut F^ufmann 



Pate 



Date Dipl.-igff. Rudolf GradirfSfer 
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ATTY. DOCKET NO. : PG7552OS0 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 

WOLFGANG BTLLINGER, et al , Group Art Unit.: 36.44 

Serial No-. 10/053,666 Examiner: S. Holzen 

Filed: January 24, 2002 

For : DEVICE FOR CONNECTING MOVABLE PARTS WITH STRUCTURAL 
ELEMENTS OF AIRPLANES AND THE LIKE 

DECLARATION OF HELMUT KAUFMAffl! 

Commissioner of Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

I, Helmut Kaufmann, do hereby declare the following: 

1. I am currently employed by the ARC 
Leichfcmetallkompetenzzentrum Ranshofen GmbH (hereafter V LKR"), an 
R&D company in Austria focused on light metal technology. LK£ 
projects range from alloying to component design, mainly with 
respect to aluminum and, magnesium alloys. However , in the case of 
design and stress engineering, parts made out of steel, titanium, 
polymers or ceramics may be treated as well. 

2. I received my M.S. in mechanical engineering and my Ph.D. 
in material science from the Montajiuniversitat Leoben (Austria) in 
1987 and 1992, respectively. After serving for one year as a 
visiting scientist at the Materials Science Department of the 
Massachusetts Institute, of Technology (MIT) in the United States in 
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1989, I joined Austria Metall AG (AMAG) where I conducted research 
work in casting technology. In 1994 , I moved to T3be; Europe GmbH in 
Dttsseldor.fi (Germany) where my work f ocussed on Squeeze Casting and 
Semi-Solid Casting. Upon returning to Austria in 1997, I took the 
position of head of the Light Metal Competence Center of LKR iii 
Ranshofen. In. 2000 , when LKR became a wholly owned subsidiary 
company of the Austrian Research Centers GmbH,, I was appointed 
Managing Director of LKR. 

3 . As a result of my education and experience-, it is my 
opinion that persons of ordinary skill in the aviation field as 
related to composite technology would have at least a bachelor's 
degree in mechanical engineering,: and would have at least several 
years of experience in mechanical engineering.. 

4.. Drawing upon my expertise in this industry" arid my 
understanding of the level of ordinary skill in. the art at the time 
the above -captioned application was filed (January 24, 2002) , I can 
of f er my expert opinion as to how persons of ordinary skill in the 
art perceived the use of composite technology as it pertains to the 
aviation field, and can also offer my expert opinion as to 
structures resulting from the resin transfer molding (RTM) process. 

5. Prior to 2004 it was conventional to make aircraft spoiler 
hinges of aluminum or titanium alloys, mainly forgings. In 
addition, what was known by persons of ordinary skill was reliance 
upon metal fasteners, such as screws or rivets, for secure 
connection of the metal fittings to the movable parts. 
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6.. In 2004, I became aware of the design for a carbon, fiber 
' reinforced plastic/resin transfer molding (CFRP/RTM) center hinge 
fitting, i.e., aircraft spoiler hinge, developed by Mr. Wolfgang 
Billinger at Fischer Advanced Composite Components AG, I have 
reviewed the corresponding subject matter of Mr. Billinger' s 
captioned U.S. patent application, namely Serial. No. 10/053,666 
(hereinafter "the Billinger application") / which to' my view sets 
forth the CFRP/RTM aircraft spoiler hinge according to his design. 

7. I have also reviewed the prior art considered by the Patent 
Examiner, specifically U.S. Patent No. 6,234 > 423 to Hirahara et al. 
(hereinafter "Hirahara " ) ,• in connection with the Billinger 
application. 

8. Hirahara shows a typical moveable surface of an aircraft, 
such as an elevator, where the spar 13, consisting of flanges 13a 
and a web 13b, is an integral part of the movable surface formed by 
stiffened skins 11 and 12. The Bpar 13 has six hinges attached, 
which I have marked with the letter "H" in the attached drawing from 
Hirahara, that are used to connect the spar to the aircraft @ . 
structure. According to convent ibhal wisdom and practice, to obtain 
sufficient structural strength these hinges are made from, forged 
alloys of aluminum, high strength steel or titaniunu To the best of 

my understanding upon review thereof, Hirahara does not address the 
hinges at all, but only methods of forming the box structure of the 
movable surface. 

9. The spar 13, as constructed according to Hirahara, could 
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not be produced as a single piece composite part together with the 
fitting, constituted by the six hinges U H", using known state-of- 
the-art technology because of the significant differences in wall 
thicknesses between hinges (thicknesses larger than 0.5 inch., and 
most likely 1.0 inch) and the weh and flanges of the -movable part 
(thicknesses less than 0.2 inch, arid most likely 0. i inches), and 
the mechanical properties needed in order to acceptably replace a 
metal fitting made, for example, of forged aluminum alloy material 
or other higher properties material . 

10. The technology according to the Billiriger application is 
the only way to. produce fittings having the required mechanical 
properties, i.e., properties equivalent to high end metallic alloys, 
using composite materials such as carbon-fiber reinforced materials, 
when the fittings will be used, in parts which have signif icant wall 
thickness differentiation, as is the case with aircraft fittings arid 
associated movable parts-. 

11. Resins used in fiber reinforced systems such as RTM are 
modified with additives in order to. attain mechanical properties 
similar to those exhibited by forged versions made from alloys of 
aluminum, high strength steel or titanium. These additives generally 
modify the flow characteristics of the resin, changing their 
structure. Complicated geometries, like geometries having 
significant wall thickness differentiation, cannot be produced with 
conventional resin systems. 

12. It is thus my opinion that a fitting made of synthetic 
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composite material according to the REM method., whether joined to 
the movable part by gluing or formed integrally therewith, is 
structurally different from the structure and process disclosed by 
Hirahara and further is not obvious to one of ordinary skill in the 
art in view of the disclosure in Hirahara, especially since Hirahara 
does riot speak to the fitting, i,e,, the hinges, at ail-. Even if 
one were to make the hinges in Hirahara of the* same composite 
material as that disclosed for the skins and spar 13 such 
theoretical hinges would lack sufficient structural strength, for 
their intended use and. would certainly lack the structural strength 
realized, by the fittings made of synthetic composite material 
according to the RTM method as claimed by the Billinger application, 

13 , I further declare that all statements ma-de herein of my 
own knowledge are true arid that all statements made. on. information 
aiid belief are believed to. be true.; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment or both, under section 1001 of Title 18 of the United 
States Code/ and that such willful false statements may jeopardize 
the validity of the application or any patent issuing thereon. 




Date 
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XI. RELATED PROCEEDINGS APPENDIX 



There are no known related proceedings at this time. 
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